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THE Association was organized in Boston, Mass., on June 21, 1882, with the object 

of providing its members with means of social intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 900 men. Its membership is divided into six classes, viz.: 


A Member shall be an officer or employee of a public or _ Private water works, an engineer, chemist or 
other person qualified to aid or in the t of knowledge relative to water works. 

An Honorary Member shall be a person of acknowledged eminence in some branch of water supply ot 
of engineering. 


A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 
connected with water supply work. 


An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing materials 
or supplies for the construction or maintenance of water works. 


A Corporate Member shall be either a Water Board, Commission, Company or Municipal Corporation. 
The initiation fees and annual dues are as follows: 


Initiation Fees Annual Dues 
Corporate Members .................. 10.00 Corporate Members ...........0.c0se0 10.00 


This Association has at least eight regular meetings eacii year, of which five are 
held in Boston, one in northern New England, one in southern New England, and one, 


the annual convention, held in September on such date as the Executive Committee may 
designate. 
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Col. 
Rock Island, Ill. + Wichita, Kan. - Kenilworth, N. J. 
Conn. + Tucumcari, N. Mex. - Oklahoma City, Okla. + Tulsa, Okla. 


BELOW—Installing the 30” Lock 
Joint supply line for Ciudad Trujillo 
in the Dominican Republic. This line, 
undamaged by shocks which destroyed 
many structures in the vicinity, gave 
unimpaired service throughout the 
severe earthquake of 1946. 


RIGHT—Damage attending the rup- 
ture of a large water main in a 
crowded community. 


ONE SLIGHT FLAW IN A PIPE 


may develop the proportions of a major 
catastrophe when an important water 
line ruptures in a crowded area. Utilities 
can be impaired, property flooded, traf- 
fic stalled, business lost, life endangered. 
A bad break in more ways than one, but 
a break which could be avoided by using 
Lock Joint Pressure Pipe. 

Lock Joint’s water-tight expansion 
joints built into every section of pipe 
provide unrestrained flexibility under 
back loads to accommodate not only 


Est. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: 


Wharton, N. J. © Turner, Kan. * Detroit, Mich. 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. 


+ Kansas City, Mo. + Valley Park, Mo. 


LOCK JOINT PIPE COMPANY 


+ Denver, 
+ Chicago, Ill. 
+ Hartford, 


normal ground settlement but traffic vi- 
brations and variations in temperature. 
The high factor of safety assured by its 
time-tested design of reinforcement pro- 
vides for every pipe an abundant reserve 
against water hammer and pressure 
surges. Experience shows conclusively 
that Lock Joint Pressure Pipe does not 
fail. 

When planning your next water sup- 
ply main—specify Lock Joint Concrete 
Pressure Pipe—the pipe with a proven 
record of safety. 


SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Mains in a wide range of diameters from 16” up as 
well as Concrete Pipe of all types for Sanitary Sewers, 
Storm Drains, Culverts and Subaqueous Lines. 
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am, “Empire Meters are built for 
Easy Maintenance... 
And Less of it!” 


MANUFACTURING CO 
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YOUR WATER SUPPLY— 


In normal times or in times of emergency, you can count on 
%Proportioneers% Heavy Duty CHEM-O-FEEDER. Look at 
the important advantages which make Chem-O-Feeder the 
sure way to safeguard water supplies: 


1 All parts coming in contact with treating chemi- 
cals are of See-Thru plastic and Neoprene 
rubber which are unaffected. 

2 Alum, A Copper 
rites and Fluorides can be fed by standard 
units. 


Sulphate, Hy A, 


3 Pumping action is visible to the operator. 


This feeder has the widest dosage adjustment 
range and changes may be made “in opera- 
tion”. 


6 A ies for pl 


Compact construction encloses all moving parts 
in oil bath requiring no lubrication maintenance. 


installation included 


with feeder. 


7 Parts for all models are in stock at strategic 


service centers. 


Feeder can be readily converted to slurry feed- 
ing or the handling of concentrated corrosive 
liquids. 


Write, today, for Bulletin SAN-7, the complete story on Simplex, 
Duplex, and Triplex Chem-O-Feeders. %Proportioneers, 
Inc.%, 366 Harris Ave., Providence 1, R. I. 
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Fire Hyd » of the 

type f aturing Protectop —— pro- 
tection, frost-proof tapered barrel, and 
positive action drain. 


pressure service. inch connections (sizes 2’” 
ylinder, or motor op thru 42”) under pressure to cast iron, 
steel, asbestos-cement or 
concrete pipe of any size. 


Gate Valves, for low, an geet Ta | Se: spe and Valves, for Inserting Valves, for installation un- 
Manual der 


on ration Tapping Machines. 
the SMITH 


time. pipe services. 


* Water works material 
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Pipe Cutting Machines. With the Water Service Brass Goods: corpora- Po a 
SMITH machine a true “lathe” cut tion—curb cocks, couplings and other 
; can be made in cast iron, steel or as- _ fittings for copper tube, lead and iron corporation cocks can be instal'ed un- ane 
bestos-cement pipe in a minimum der pressure. The machine is compact 
and easy to operate. _ 
of proven quality 
13 4 

THE A.P.SMITH MFG.cO, 


BASEMENT SETTING 


The Ford Copperhorn provides a 
permanent, solidly lined-up setting 
for basement meters installed on 
vertical pipe lines. Even when 
meters are changed, the piping 
remains connected. 


The meter is set horizontally and 
at the most convenient height for 
easy reading. Smooth waterways 
-~see diagram at right—cut pipe 
friction or pressure loss to less 
than half that through ordinary 
fittings. Economy and permanent, 


Note the smooth all- 
copper waterways that 
trouble-free service is assured. reduce friction to a 
minimum. Connec- 
tions optional for either 
copper or iron pipe. 


FREE Send for Cat- 
alog that shows the 
complete Ford line of 
economical meter 
setting products. 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 


\ 
4 For an Ideal 
me | 
x 
q 
| 
| 
FOR BETTER WATER SERVICES 


@ The 36-inch steel pipe pictured here 
is part of a new water line being laid for 
a well-known midwest water works. This 
new pipe line is about 6,000 feet in length 
and is protected, inside and out, by Bitu- 
mastic® 70-B Enamel. 

Inside the pipe, a glass-smooth lining 
of Bitumastic 70-B Enamel prevents rust, 
corrosion and tuberculation. This spun 
lining of durable enamel will keep flow 
capacity high, thus reducing pumping 
costs. And, with this kind of protection, 


—if’s protected by 
BITUMASTIC 
70-B ENAMEL 


there’s no need to spend money for over- 
sized pipe in order to allow for future 
“shrinkage.” 

On the outside of the pipe, Bitumastic 
70-B Enamel prevents pitting and leak- 
age caused by soil corrosion. Here, again, 
you save money by keeping maintenance 
and replacement costs low. In every way, 
it pays to protect your community’s large- 
diameter pipe lines inside and out with 
Bitumastic Enamels. 


BITUM ASTIC ENAMELS 


REG. U.S. PAT. OFF 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 606T, Pittsburgh 19, Pa. 
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Me 3-purpose part. Ingenious design is a fea- 
ture of Mathews Hydrants—for example, use 
of a shield operating nut of high tensile iron. 
This serves three purposes. 

It protects the soft bronze revolving nut from 
wrench wear. 

It is cheaper to replace in case of damage by pipe 
wrenches or other improperly fitting tools. 


It prevents dust, snow, rain or sleet from getting 
in around the revolving nut, always assuring free 
and quick operation. 


MATHEWS 


HYDRANTS 


Made by R. D. Wood Company 
Public Ledger Building 

Independence Square, Phila. 5, Pa. 
Manufacturers of ‘‘Sand-Spun" Pipe 


(centrifugally cast in sand molds) and 
R. D. Wood Gate Valves 


All working parts contained in quickly replaceable 
barrel ¢ Stuffing box cast integral with nozzle section 
Mathews Modernized —positively leakproof « Head turns 360° + Replace- 
able head « Nozzle sections easily changed + Nozzle 
hydrants offer levels raised or lowered without Protec- 
these advantages tion case of ‘‘Sand-Spun”’ cast iron for extra strength, 
toughness, elasticity « A modern barrel makes an old 

Mathews good as new 
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This new MUELLER Blue Top Catalog is meant 
to provide engineers and water works men 
with a simple, accurate means of selecting 
their water works brass goods requirements. 
It illustrates the complete Blue Top Line and 
gives full dimensional data on each item. 
You'll find it invaluable for constant reference, 
so if you haven't a copy handy right now, 
don't delay — write for one today. 


EASTERN SALES OFFICE, 1322 EMPIRE STATE BLDG. 
MAIN OFFICE AND FACTORY DECATUR. 4 
OTHER FACTORIES: Los Angeles. Cat: Chattanooga, Tenn: Sa 
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leakage is 
STOPPED. 


WITHOUT REMOVING THIS PIPE 
FROM THE GROUND, holes resulting 
from exterior or interior corrosion 
have been permanently filled by 
the thin coating of cement mortar 
mechanically applied to the inte- 
rior of the pipe by the Centriline 
process. 

Internal corrosion has been elim- 
inated. Centrilining also increases 


OUR ENGINEERS ARE READY TO HELP YOU... WRITE TODAY 


the pipe’s flow capacity and cuts 
pumping costs. 

The ingenious Centriline ma- 
chine utilizes centrifugal force in 
applying the cement. Pipes in di- 
ameters of 4” to 144” can be lined 
by Centriline at a fraction of the 
cost of installing new pipes. Make 
pipes better than new through 
cement lining. 


CEMENT MORTAR LININGS 
FOR NEARLY 3,000,000 
FEET OF WATER, OIL 

AND GAS MAINS... 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 
Branch Offices in Principal Cities o. 


f 
United States and Latin America 


ON THE WEST COAST, WRITE AMERICAN PIPE & CONSTRUCTION CO. 
P. 0. BOX 3428, TERMINAL ANNEX, LOS ANGELES, CALIFORNIA. 
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Are you finding it increasingly difficult, in 
the face of today’s economy, to undertake 
needed water-line construction? 


If so, you may find—as other planners do 
—that Transite* Pressure Pipe may prove 
a practical answer to your problem. For this 
pipe, in addition to its long-term economies, 
provides installation savings that may go 
far in helping you contend with rising costs 
and manpower shortages. 


Transite Pressure Pipe offers a combina- 
tion of advantages which speed and facili- 
tate water main installations all along the 

line—from the time the pipe is first 
received, to final placement of the 
line in service and restoration of 
normal street traffic. Not only 
do pipe-laying crews find this 
modern pipe easy to work with, 
but its unique features make for 

a more efficient and economical 

operation in virtually all con- 
struction phases of water-line projects. 


Economies start as soon as a shipment of 
Transite Pipe is received. Because it is light 
in weight, unloading and other handling 
operations are simplified. More footage can 
be carried per truckload, trucking costs 
are lowered, distribution on the job site is 
faster. Except for larger diameter pipe, sec- 
tions can be lowered into the trench by 
hand, or with the aid of rope slings. 


installation savings 


For all the facts about Transite Pressure 
Pipe, write to Johns- Manville, Box 290, New 
York 16, N. Y. Ask for Brochure TR-11A. 


TRANSITE PRESSURE PIPE 


Assembly, too, is both rapid and econom- 
ical. The flexibility of Transite’s joints 
permit the pipe to be laid around wide curves 
without the need for special fittings. The 
Simplex Couplings require no calking or 
hot compounds; they are quickly and easily 
assembled to provide lastingly tight joints. 
And you can check for proper assembly im- 
mediately after the pipe ends are joined. 


Makes pipe-laying 
an assembly-line operation 


This combined feature of rapid assembly 
and assurance of joint-tightness as fast as 
the line is laid, is the key to an important 
Transite advantage: it means that trench 
excavation, pipe-laying and backfilling oper- 
ations can follow in quick succession—often 
under the supervision of one foreman. It 
makes pipe-laying an assembly-line opera- 
tion in which the trench can be closed in a 
minimum of time. This assures more eco- 
nomical use of excavation and earth handling 
equipment, reduces the expense and hazards 
of long stretches of open trench, and helps 
button up the job with the least possible 
expenditure of time, labor and money. 


These initial savings . . . plus the long- 
term economies effected in thousands of 
installations . . . are two good reasons why 
you should have the complete story about 
this modern asbestos-cement pipe. 


*Transite is a registered Johns-Manville trade mark 
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Badger-Controlled Precision 
and Quality mean 
more for your meter-money 


From start to finish of every type and size of Badger Meter 
precision and quality 
are Badger-Controlled 


WATER OF THE WORLD? 


Pe ae BADGER METER MFG. CO., Milwaukee 10, Wis. 


op: lorcester, rannal incinnati onsas City * Waco, Texas 
Durability + Sensitivity Salt Lake City, Utah * Guthrie, Okla. « Seattle, Wash. * Los Angeles 
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New England Water Works Association 


ORGANIZED 1882 


VoL. LXV June, 1951 No. 2 


This Association, as a body, is not responsible for the statements or opinions of any of its members 


THE PROPOSED NEW ENGLAND STEEL MILL 
BY RAY M. HUDSON* 


[Presented December 15, 1949.] 


NEw ENGLAND needs a steel mill. There is opportunity here for 
one, and we have every reason to expect and believe that one will be 
built here and put in operation within the next three to five years. 
That may seem a rather long time and yet in the general run of things 
it is not too long. A steel mill is a gigantic thing. In the first instance, 
it involves the outlay of around $200,000,000 as an estimated average 
cost for the type of mill that we propose be built here. It takes a 
considerable plot of ground roughly, 2,000 acres, and a lot of other 
things besides. 

Let me give you a few interesting facts and figures about New 
England’s need for steel. The normal consumption of steel in New 
England by the metal-working industries is around 2,000,000 tons. 
These are the fastest-growing industries in this region. Time was when 
textile production was our largest industry, employing some 27% of 
the total workers engaged in manufacturing in New England. Today, 
according to the U. S. Census Bureau, textiles employ about 21%, 
whereas the steel-consuming and other metal-working industries, in- 
cluding the non-ferrous industries of the Naugatuck Valley, collectively 
employ about 36% of our factory workers. 

There has been a very substantial growth in metal working since 
1939. World War II gave a great impetus to metal working in this 
region, but even before the war, our industries were suffering from 
chronic shortages and difficulties in getting steel. There are markets 
which are easier for the established steel producers to reach than 
the New England market. In times when they had plenty of steel and 
didn’t know what to do with it, the producers were glad to sell it in 


*Secretary, New England Iron and Steel Supply Committee, New England Council, Statler Bldg., 
Boston 16, Mass. 
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New England, but when the demand was heavy, as many of our own 
New England factory purchasing agents will tell you, they found it 
rather difficult to ship into New England as much steel as was needed 
here. 

If we take into account the pre-war needs, the expansion of 
industry and the post-war situation, the outlook is that we are going 
to need not 2,000,000 tons of steel brought in for our own industries 
but, over the next decade, nearer 3,000,000 tons. 

In addition to that local need, we have an opportunity, if a mill 
is built in New England, to engage in foreign trade, being a little 
nearer to some of the foreign markets for finished steel than are some 
of our mid-West brethren. 

Since the United States Supreme Court outlawed the delivered- 
price system of selling steel and the mills have switched over to the 
“f.o.b. mill” net basis, we can supply from a New England mill a 
substantial part of the New York City market and a part of the 
New York State market, penetrating perhaps as far west as Syracuse, 
before freight costs equalize on steel coming from either Pittsburgh or 
Youngstown. Taking all things into consideration, we have a potential 
for steel production in this region of some 6,500,000 to 7,000,000 tons. 

The mill that we propose be built is an integrated mill. It will 
take raw ore in at one end and deliver the finished product at the other, 
in the form of tin plate, sheet, and hot and cold rolled strip. We have in 
New England some steel producers, who make specialties of various 
kinds. The greatest tonnage produced in New England at present runs 
about 400,000 to 500,000 tons annually. Thus there is plenty of 
opportunity for a new mill of the integrated type, and possibly for 
a mill or two of a specialty nature, in this region without interfering 
with the production of the mills already here. 

The question as to where we shall get other supplies which will 
be necessary is important. As you know, it takes about five different 
things to make steel, iron ore being the most important. Scrap iron 
is used, too. Limestone is needed, and a lot of air and a lot of water. 

Let me say a few things first about ore. I have here two maps. 
It won’t be necessary for you to strain your eyes to look at the map 
in detail, because you will not be interested in the detail; all I shall 
want you to get is the mass effect of the map. This is a map of all 
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RAY M. HUDSON 105 
the steel mills in the United States. You will see that up in the north- 
east corner, where we are, there are very few dots and those few are 
relatively small, compared to Sparrows Point, Md., to Bethlehem, Pa., 
and to Birmingham, Ala. You will see also the new steel plant at 
Geneva, Utah, and the Kaiser plant at Fontana, Cal. 

Here is a chart which shows the present ore flow in the United 
States. Here is the Mesabi Range, west of Lake Superior, in Minnesota. 
The bulk of the ore comes from Mesabi mines down through the 
Great Lakes, to Gary, Ind.; some comes down past Detroit into Toledo, 
and some goes to Youngstown via Cleveland, as well as to Pittsburgh. 
Quite a bit comes in from Sweden. 

Here is the development which was revived during the war by the 
Republic Steel Corp., up in the Adirondacks. They send some ore 
down here into different mills that require that type of ore. 

It has been variously estimated that Mesabi ore will be all gone 
in the next ten to twelve years. That is the richer ore, which runs 
about 52% iron content. There is another, less valuable ore, taconite, 
which can be reduced. This yields a substantial amount of iron, 
but costs of reducing it run high and the yield per ton of ore is not 
too great. The Mesabi range can supply unlimited quantities of this 
type of ore. However, like everything else that runs into the law of 
diminishing returns,—there is a question of how long it will pay to 
use this type of ore. 

In the meantime, in Quebec, and particularly in the northwestern 
part of Labrador, they have uncovered deposits, easily worked from 
the surface, which in richness exceed the Mesabi Range at its best. 
These ores run from 54 to 62% iron, with some 7 or 8% manganese 
in them. This is another element that is important in steel making. 
A railroad is being built which will run 360 miles from the Ungava 
Bay district down to the Gulf of St. Lawrence. Ore can be hauled 
over it in specially-built hopper cars, adapted for mechanical loading, 
downgrade all the way from the mine to the St. Lawrence River, 
and then hauled by ships to almost any point on the New England 
coast for a comparatively low cost. While that same ore will be 
accessible to the people located along the Great Lakes, the costs of 
getting it up the St. Lawrence, across Lake Ontario and through the 
Welland Canal will be all out of proportion. There are many problems 
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involved, including ice in winter on the lakes, as against the relatively 
free and clear passage to some New England port. 

It has been figured that we can get our ore quite cheaply. It is 
not impossible to haul ore long distances. Last year, when I was coming 
down the Saguenay from the Lake St. John region we passed ore 
boats, coming in from British Guiana, loaded with bauxite for the 
Aluminum Co. of Canada’s plant at Arvida, Quebec. We can get ore 
by means of a combination of rail-and-water haul from Labrador. 
We can also get it from Sydney, Nova Scotia, from Sweden, Spanish 
Morocco or Liberia, and also from Brazil. The only question is that 
of the cost of the haulage. However, with the open ocean to use, 
we shall not be limited to special-purpose carriers, such as are used on 
the Great Lakes. 

With regard to limestone: there is plenty of that in the hills of 
New England—relatively unlimited supplies. Coal would come from 
tidewater—that is, Hampton Roads. Presumably it would come mostly 
from West Virginia, by rail haul to Newport News or Norfolk and 
then by water haulage up here. A lot of coal comes into New England 
over that very route now. 

The one remaining item of great significance is water. It has 
been said that it would require around 60,000 gallons of water per ton 
of steel. That is a little on the high side. From data on the subject 
recently given me by the American Iron and Steel Institute, a con- 
sumption of 35,000 gal., per ton is considered average in the more 
efficient mills; and in some specialty mills, they get along with about 
17,000 to 20,000 gal., per ton of finished steel. 

We figure that the mill ought to be located along the New England 
seacoast, particularly at a point where a 35-foot channel is possible, 
in order to permit the use of the latest type of ocean carrying vessel, 
the most modern of ore-handling equipment for discharging, and 
reloading into cars if necessary. But the right spot must be found so 
that the discharge can be made directly from the ship to the ore pile. 
Then by using modern mechanical conveyors and the like, a rail 
haul will be unnecessary. Those are things which are being thought 
of, too. 

With regard to water, it does not necessarily have to be potable. 
It should be reasonably free from certain impurities. At least, it should 
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not be salt. Bethlehem Steel, down at Sparrows Point, is using some 
treated Baltimore sewage, I believe, in some parts of its plant. Of 
course there is a variety of uses for water around a steel mill. They 
want it for quenching the coke; they want it for cooling the rolls; 
they want it on the sheets, as they go through the rolls, for the purpose 
of breaking up the scale. Besides all the other things, water is used 
by the steel companies for sanitation, for fire protection, and so on. 
Thus it is easy to understand why you can run up into heavy con- 
sumption. Much depends, of course, on the size of the mill and its 
daily output. 

Some salt water can be used for cooling purposes. This is just 
as logical as it is for a ship at sea to run salt water through its con- 
densers for cooling purposes. A good, steady supply of water is most 
essential. 

There are comparatively few places that seem to have, at the 
present time, the necessary water supply and logically enough, they 
would be those places which are adjacent to, or not too far from, some 
of our larger rivers. Consequently, to date a great deal of interest 
has been developed in the possible location of the mill, suggestions 
running all the way from Quoddy down through to the New York 
State line on the Connecticut coast. However, those spots which have 
been talked about the most include Kittery, Me., across the river 
from Portsmouth; New Hampshire believes it has a better site on 
its side of the river. Those of you who live around Boston have seen 
articles in the papers about the possibilities for a mill around Mass- 
achusetts Bay, all the way from Saugus on the North Shore around to 
Hingham on the South Shore. So far, according to the newspapers, 
Hingham is the only town that has indicated opposition to the steel 
mill; all the rest of them seem to be wanting it. Governor Dever 
states that his crew has located a site near Fall River, in Freetown. 

Rhode Island has a couple of possible sites. In Connecticut, there 
is the New London site. There is apparently no lack of feasible sites 
among which we probably shall find two or three that are suitable 
and probably, in the last analysis, one of them will be better than 
the others. 

The Iron and Steel Committee of the New England Council 
is carrying on negotiations with the steel companies. We have inter- 
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viewed a number of them and had dealings with the high officers. 
We have seen a change of attitude from one of apathy and indif- 
ference to downright interest. Whether that interest has been occa- 
sioned by the trend of legislation I do not know. I refer, of course, 
to the decision of the Supreme Court, outlawing the basing-point 
system of pricing. You will remember that legislation was introduced 
into the last session of Congress, designed to harmonize the differences 
in the House and the Senate. While it looks as though they were 
going to let the steel companies absorb some freight, there is no as- 
surance that there will ever be a return to the former system of 
delivered prices. That being true and the steel industry being aware 
of that situation, it makes them think twice about decentralizing 
their operations, and I think we have them pretty well convinced of 
the richness, accessibility, and prospects of the New England market 
for steel. We now have some very interesting negotiations going on 
with some of the major companies as to how much business could be 
done here and what it would take to build a mill here. 

That brings up the next subject—money. Apparently it will 
require a heavy investment from New England. There is no steel 
company that has at the moment $200,000,000 in its pocket which 
is willing to put into a new mill. Some of them point out that they 
might put in a substantial amount—maybe anywhere from a third up 
to a half of it—provided those who are interested in the mill in New 
England will do their part. There has been evidence of some interest 
in the formation of what is called a Steel Mill Authority—comparable 
in form or set-up with the New York Port Authority, which, as many 
of you know, is permitted to issue its own bonds and sell them to the 
public—and the use of the credit of the State behind this proposed 
Authority, to help finance the project. I shall not attempt to bore you 
with figures on the ultimate return or the “payoff,” but it looks as 
though the property could be financed in that way and the bonds 
paid off in a period of 20 to 30 years. The problem is one of getting 
the right kind of financing behind the project and we have some 
evidence of interest in that. It seems to us that we have all the elements 
needed to bring about a positive, definite commitment on the part of 
some major steel interest to say, “Yes, we shall build the mill in 
New England.” When they do that, we shall put them in touch with 
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the people behind the different sites and also turn over to them a great 
deal of information, which we have collected on both sites and markets. 

The present Steel Committee is loose-knit as most Committees 
are, with no specific authorization to make final and binding arrange- 
ments. We are now at work on the formation of a New England 
Steel Development Corporation. Former Governor Joseph B. Ely of 
Massachusetts is our corporation counsel and he is drawing up the 
articles of incorporation. That has already been announced, but the 
actual formation of the corporation, with its officers and directors, 
and so on, will come a little later. That corporation will have the 
authority to make the final arrangements with the steel company 
that is to build the mill. 

That tells the story in a somewhat general way I can’t give 
you the names of any of the steel companies with whom we are 
negotiating. Obviously the New England Council, which is an all-New 
England organization, can’t express a preference for a particular 
site.* 

Let me just point out one thing more: The steel mill itself will 
probably employ 5,000 to 6,000 people. But if history should repeat 
itself here, as it did at Sparrows Point, Md., after Bethlehem built 
the big mill down there, we should expect to see, following the com- 
pletion of the mill, an expansion of the established metal-working 
industries, as well as the establishment of a number of brand new 
specialty mills, either processing the steel further or making products 
from steel. Therefore we stand to gain some 30,000 to perhaps 45,000 
more new jobs in New England, as and when this steel mill is really 
rolling in full production. 


*Construction of a $250,000,000 integrated steel mill in the New London—Waterford area of Connecticut 
was certified on January 12, 1951, by tke federal government as a defense necessity and the building of 
the plant was expected to get under way in the next few months. 
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USE OF MECHANICAL EQUIPMENT IN LAYING PIPE 
BY J. G. CARNS, JR.* 


[Read January 19, 1950.) 


*Equipment Engineer, American Water Works Service Co., Inc., 50 Broad St., New York 4, N. Y. 


BEFORE discussing mechanical equipment for laying pipe, I feel 
it necessary to point out some of the factors which affect, first, a 
decision to use such equipment and, secondly, the type of equipment 
to select. Of most importance in determining whether mechanical aids 
should be used is, of course, the necessity of determining whether 
their use is economically justified. In most instances this factor is 
rather self-evident. There have been, however, cases where equipment 
has been purchased that saved money on individual jobs as expected, 
but it was also found that aggregate savings sufficient to offset the 
cost of operation, maintenance and investment were not realized, be- 
cause there was not enough work. A striking example of the impor- 
tance of this factor is the high mortality rate of general contractors 
during periods when sufficient work is not available to keep their 
equipment busy. No clear-cut line of demarcation can be drawn to 
say that mechanical equipment should or should not be utilized. One 
method of operation may be entirely proper for one water department, 
but not suited for another. In general, although the primary function 
of all water utilities is the same, no two operate in exactly the same 
manner, and local characteristics dictate changes in organizational 
set-up and methods of doing work. 

I realize, of course, that the high cost of labor in recent years 
has created a situation demanding review of all existing practices and 
has made possible the use of mechanical equipment which heretofore 
has not been economically justified. In arriving at a decision whether 
mechanical aids should be obtained at this time, consideration must 
be given to the fact that the peak in home construction has been passed. 
Past records of quantity of work performed are not a reliable guide 
for savings which may be realized from purchase of equipment now. 
Although I have tried to limit my remarks to the announced subject, 
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the use of many pieces of mechanized equipment is not confined to 
one operation. Where equipment may be used for more than one 
operation, such other uses will be pointed out, whether in connection 
with main-laying procedure or not, as total use must be the criterion 
of value. So much, then, for the economic aspect. 


Let us look into the actual work operations involved in pipe 
laying and review briefly mechanical equipment suited for these 
operations. The broad aspects of laying pipe lines are independent 
of location, size of pipe, kind of pipe, or length of extension involved. 
For example, it is necessary to haul the pipe, fittings, valves, hydrants, 
tools and other material to the job site. Street paving may have to 
be removed. The necessary trench must be excavated. The pipe and 
appurtenances must be moved, lowered into place in the trench and 
assembled, and the trench filled in. All of these steps are necessary, 
whether it be a 6-inch or 60-inch pipe line of 10 ft or 10,000 ft in 
length. 


Excavating 


Of these work operations the most difficult, time-consuming and 
costly, of course, is making the required excavation for the pipe line. 
Paving removal in certain instances is also very difficult and costly, 
particularly if reinforced-concrete roads are involved. 


Two general and distinct types of mechanical equipment are 
available for trenching operations. One is the power excavator of the 
boom-and-single-bucket type. Machines of this type are adaptable 
for all kinds of excavating work and also can be used as cranes for 
hoisting operations. Bucket attachments consist of shovel, trench hoe, 
clam shell and drag line, the trench hoe being most adaptable and 
widely used for trenching operations. 


Standard bucket capacities of 3%, 4% and % cu yd, with widths 
varying from 15 in. to 42 in., can be obtained. Maximum trench depths 
of 14 ft or more are possible, depending on the length of the boom 
selected. Practically all makes of excavators are crawler-mounted 
and require trailers for hauling between jobs. Rubber-tired «wheel- 
mounted units are available, but the cost is considerably higher than 
for the crawler-mounted type. Recent quotations for crawler-mounted 
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excavators, equipped with trench hoe attachment and powered by 
gasoline engines, show the following price ranges: 


¥% yard $ 7,500-$10,000 
Y% yard 10,000- 13,000 
¥% yard 13,000- 21,000 


Diesel-engine units are slightly higher in price. 

Trailers suitable for transporting these units range in price from 
$2,000 to $4,000 extra. 

Boulders will slow down a trench hoe but not stop it. Solid rock 
excavation is not possible with this or any other type of trenching 
equipment, and special consideration in estimating cost must be given 
where rock is likely to be encountered. 

The second type of mechanical trenching equipment consists of 
machines specifically designed for trench work. These units are also 
usually crawler-mounted and are known as wheel- or boom-type 
ditchers. Digging operation is continuous with these machines. The 
wheel type consists primarily of a large wheel, with small buckets 
mounted on the rim and supported by a frame arrangement, which 
permits rotation, raising and lowering of the digging wheel. The boom- 
type ditcher operates on a continuous revolving-chain principle and 
digging is effected by cutting teeth or buckets, closely spaced on the 
chain linkage. These units are available for trench widths of 5 in. 
to 84 in., and for depths of more than 20 ft. The cost for units of 
comparable trench sizes is about the same as for power excavators. 
Units of the continuous-chain type are available for very narrow 
trenches, such as 5 in., 7 in., 10 in. and 12 in. These smaller units 
are principally designed for service-installation and cable work. Prices 
range from $4,000 to $8,000 for wheel-mounted type with road speeds 
of 15 miles per hour or more. Under certain soil conditions either type 
of trencher may be most desirable. Where tough going is most fre- 
quently encountered, the tendency appears to be to favor the trench- 
hoe type. 

It can readily be seen from the cost of units suitable for main 
work that this discussion is largely academic to many operators, pur- 
chase of such equipment being beyond the economic reach of most 
small water companies or departments. In such instances, it usually 
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is best to have a general contractor, experienced in pipe laying, do 
the work. If I have been able to anticipate correctly that which is 
foremost in your minds in this phase of mechanical aids in laying pipe 
(and I don’t claim to be psychic), what you want and need most is 
a highly mobile trenching unit, capable of moving under its own power 
on its own rubber-tired wheels at reasonable road speeds from small 
job to small job and, once there, doing an effective job of excavating 
under most soil conditions the necessary trench for laying 6-inch or 
8-inch pipe. Of course, this unit must be reasonable in price and prefer- 
ably capable of lifting heavy pipe, hydrants and fittings. If this 
trencher can also do any other of the necessary operations, such as 
backfilling, pavement breaking or tamping, so much the better. That’s 
a pretty big order and one that I have been trying to fill for some time. 
There is recognition of the need for a small mobile trencher and the 
use of hydraulic or air pressure for power to operate the trenching 
mechanism appears to hold promise of our being able to obtain such 
equipment in the near future. 

I have recently witnessed a demonstration of a hydraulically 
operated trench hoe of 3¢-yd capacity, mounted on a rubber-tired 
tractor, which does a very effective job of trenching and sells for 
approximately $6,800. This unit weighs about 10,000 lb and has a 
road speed of 20 m.p.h. Six-inch or 8-inch pipe in 18-foot lengths is 
readily loaded on trucks, removed and lowered into the trench with 
it. An attachment of completely new design for backfilling is also 
to be available. The backfilling attachment is an extra, and the com- 
plete unit for trenching, hoisting and backfilling will cost appoximately 
$8,000. 

One more point on trenching is that consideration should be given 
to the width of trench excavated for various pipe sizes. Usually, the 
width of trench is dictated by available equipment. Bucket sizes are 
more or less standardized, although they can be obtained to suit your 
specifications. Generally, the boom- or wheel-type ditchers have a 
limited range of widths for a given size of machine. Extra width above 
that necessary to install the pipe, of course, slows down the speed of 
trenching. Where paving is involved, the extra width also imposes 
extra paving costs which, in this day and age, are considerable. 

It does not appear reasonable to cut a wide trench the entire 
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length of an extension, when extra width over that of the pipe size 
is required only at the bell-hole locations. A trench hoe with 12-in. 
bucket width can, by making a few extra passes, enlarge the trench 
width for bell holes as needed and do more work than one which cuts 
a continuous trench, 20 in. or more in width. The narrow bucket is 
not too effective under wet, sticky soil conditions, as difficulty is 
encountered with the excavated material’s adhering to the bucket. 
Under such conditions, a bucket with a width of 15 in. or more is 
needed. This condition does not usually occur frequently enough to 
warrant purchasing only the wider bucket and using it on all jobs. 

As an example of what can be done along this line, we have in- 
stalled 6-in. cement-asbestos pipe in a trench, 4 ft 6 in. in depth and 
10 in. in width, which was dug by a “Jeep-a-Trench” outfit. This is 
one of the small, so-called service trenchers, which sells for about 
$4,000. The pipe was assembled on short 2” < 4” stringers across the 
ditch and progressively lowered into position by rope slings. With 
suitable hoisting equipment the same thing could be done with two ™ 
18-ft lengths of 6-in. cast-iron pipe, which would reduce by half the 
number of bell holes required. About 80% of the extra trench width 
at bell-hole locations in this case could be done by the Jeep, making 
a second 10-in. cut and leaving a narrow bridge wall between for hand 
excavation. 

So far, I have been discussing equipment for normal trenching 
operations. We also make use of another unit to reduce hand labor. 
This is an air-operated clay spade, powered by a small, portable air 
compressor of either 20- or 30-cfm capacity. The air spade loosens 
clay and hard ground formations, including frozen ground, faster and 
with much less physical effort than by using a pick. These clay spades 
are used principally in maintenance and service-installation work. 
Even where trenching machines are used in extension work, there is 
a certain amount of work for these small units. The compressor units 
are either portable or trailer-mounted and weigh from 350 to 1,000 lb. 
The two-wheel trailer-mounted ones which we favor have tool-storage 
space and are easily towed by car or truck at ordinary road speeds. 
The cost complete for the 30-cfm size with electric starter, air hammer, 
clay spade, tamper pads and moil points is approximately $1,200.00. 
Of course, where larger sizes of compressors are available, these units 
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are used to provide air for the clay spade. We find, however, that the 
larger compressors are usually tied up on heavier work and the small 
units are valuable for work usually performed by hand, because other 
equipment is not available. 

Excavating for small piping, such as in service work, may be 
materially reduced by using any of a number of pipe-pushing machines. 
In certain of our larger companies we use an air-operated drifter drill 
for this purpose for 34-in. and 1-in. service pipe. The drifter drill 
eliminates difficulty experienced with pipe-pushing machines which 
will not hold line and grade, where difficult ground formations are 
encountered. The drifter drill will drill a hole through solid rock and 
in soft soil acts the same as a pipe-pushing machine. Large-capacity 
pipe-pushing or earth-boring machines are also frequently used to 
install large-diameter pipe under paved roads and railroad tracks, 
where soil conditions are favorable for this operation. 


Hoisting Equipment 


Hoisting equipment for handling pipe, hydrants and heavy fittings 
usually consists of same form of frame of sufficient height, which is 
attached to the body of a truck and on which is mounted a winch or 
chain hoist. Mechanization of this operation consists of the winch’s 
being powered by the truck engine through a power-takeoff connection 
or power wrench. We have also equipped some of our trucks with 
small hydraulic cranes. These units are very handy and easy to operate. 
Lifting is done by pumping a small handle by hand, which actuates 
the hydraulic piston, which in turn raises the crane arm. Lowering is 
accomplished by releasing the hydraulic pressure through a small needle 
valve. The units which we use have one-ton capacity, although larger 
sizes are available. One advantage of this type of unit is that it is 
low in height and can be left fully mounted on the truck body. Most 
types of lifting equipment, mounted on trucks, usually require dis- 
mantling to allow the truck to be driven along the road or through 
garage doors of ordinary height. To offset this advantage of the hy- 
draulic hoists, they have the disadvantage of having only a limited 
lifting range, making it necessary to lower material from the truck 
body to the trench in two stages. Pipe is usually lowered to the ground 
and a longer sling used to lower it the rest of the way. This is not a 
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serious disadvantage. Where the backhoe-type of trenching equipment 
is used to excavate the trench, a chain or rope sling is usually sus- 
pended from the bucket for hoisting operations. Where large quan- 
tities of material must be handled, as is the case with extensions of 
great length, it is often found desirable to utilize a separate power- 
crane unit for lifting, so as not to impede the progress of the trench 
hoe in its primary job of digging. 

The power wrench mentioned is operated either by an air motor 
or electric drill of %4-in., 44-in. or %4-in. size. This wrench consists 
of a set of reduction gears of 30:1 ratio, encased in an aluminum hous- 
ing with handle about 3 ft long. The air motor or electric drill is 
fastened to the handle and power furnished by an air compressor or 
generator set. The entire wrench set weighs only about 60-70 lb and 
does any job of turning operations which can be done by hand. We 
use them to operate winches for lifting operations, valve turning, and 
mechanizing large-size tapping machines and pipe-threading machines. 
Other uses for this equipment in your own plant will probably be 
evident. Cost of power wrench only is $200. A %-in. electric drill 
is about $75.00 additional. 


Backfilling and Tamping 


Backfilling, of course, is best accomplished by using a tractor- 
mounted bulldozer, particularly when large quantities of material 
must be handled. This work is also done by using a power excavator 
with shovel bucket or an ordinary snow-plow blade, mounted on the 
front end of a truck. If the truck is equipped with a winch, powered 
by a takeoff connection, this unit can also be used for backfilling 
operations, in which case a large scraper or hand-held scoop shovel 
is employed. 

The new type of backfill arrangement, which I mentioned but 
did not describe in connection with the hydraulically operated trench 
hoe, is to be a side-mounted blade, actuated by telescopic hydraulic 
rams. Experimental models have proven successful. It is not possible 
at this time to say whether one run parallel with the trench will enable 
complete cleanup of the spoil or additional passes will be necessary. 
This, of course, will depend on the base width of the excavated ma- 
terial and quantities involved. The advantage of side-mounted blade 
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is, of course, evident. Any arrangement which eliminates the necessity 
of jockeying back and forth will speed up this operation and be a 
decided improvement. 

Mechanical tamping of backfill almost universally involves the 
use of air-operated tampers. These tampers may be of the independent 
type or involve using a paving breaker with a tamper pad. The small 
air tampers are light in weight and less burdensome to the person 
operating them. A paving breaker with tamper pad is quite heavy 
and quickly tires the person operating it. I observed a demonstration 
about one year ago of a completely different type of tamper which, 
at that time, was manufactured in England and known as a Johnson 
Rammer. Apparently American rights for this tamper have since been 
issued, as an American model of a portable, self-contained gasoline- 
operated rammer is now available. This unit is claimed to have the 
ability to replace to 95% compaction 18-inch layers of sand or gravel 
and 9-inch layers of clay. The tamper operates at about 60 blows 
per minute, as compared with the much speedier air-operated tampers. 
It has, however, a much larger tamping-pad area (10-in. diameter) 
and is stated to be able to do the work equivalent to four or five 


pneumatic tampers or two to three pneumatic paving breakers with 
tamper pads. Since it is a self-contained unit, the cost of approximately 
$600 is attractive, as compared with that of a 105-cfim compressor 
and tools of approximately $3,000-$3,500. Of course, this is not a true 
comparison of relative cost, as the air compressor can be used for 
other operations, whereas the self-contained gasoline units are designed 
only for tamping. 


Pavement Breaking 


Depending on quantity and type of paving to be broken, the 
following machines are employed, all of which are air-operated. For 
large sections of concrete paving, there is available a very large unit, 
consisting of a vertical air cylinder and piston, mounted on the rear 
of a truck, carrying a 210-cfm air compressor. Heavy demolition 
points and tools are attached to the lower end of the piston rod. A 
smaller unit of the same general principle is a wheel-mounted job, 
which operates from a separate 105-cfm compressor. This smaller 
unit also has wide chisel points and is sometimes used in scoring and 


| 
i 


118 USE OF MECHANICAL EQUIPMENT IN LAYING PIPE 


removing macadam paving. Either of these units may also be used 
for backfill tamping. 

You, of course, are all familiar with air-operated paving breakers, 
the usual method for doing this work. There is a new type of electric 
paving breaker, which has certain advantages over those of air oper- 
ation. ‘This unit is powered by a small gasoline-engine-driven generator 
and, in a test demonstration which I witnessed, did an equivalent, if 
not more effective, job on an 8-inch, reinforced-concrete road slab to 
that done by an 80-lb, air-operated paving breaker. The electric 
breaker operates at much slower speed than an air tool, but has more 
striking power. It can be classified as roughly equivalent to air- 
operated breakers and has the advantage of not requiring the purchase 
or tying-up of a large air compressor. The generator may also be 
utilized for emergency night lighting or to operate other high-cycle 
tools. The cost for generator and electric breaker is approximately 
$1,100. The small 20- or 30-cfm compressor and clay spade previously 
described, equipped with 3-inch chisel bit, is also very handy for 
scoring and removing macadam or penetration-type road surfaces. 


Laying and Joining Pipe 


There is not much to be said for mechanical tools for this phase 
of pipe laying, other than the use of air-operated tools for caulking 
lead joints. This practice, which is not usually resorted to, unless the 
size of pipe is large, is an operation with which I am sure you are all 
familiar. 

It is probably evident by now, even to one not already familiar 
with water-works practice, that the principal aim in mechanization is 
to obtain equipment capable of doing as many different operations as 
possible—and keep it working! A machine may not be economically 
justified if its use is limited, whereas, if utilized to its fullest extent, 
it may be indispensable. 
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FUNCTIONS, DUTIES AND AUTHORITIES OF THE PUBLIC 
HEALTH SERVICE ON WATER POLLUTION CONTROL 


BY LEONARD W. TRAGER* 
[Read January 19, 1950.) 


As THE title suggests, this paper was designed to give you an 
explanation of some of the things required by the Public Health 
Service in carrying out the provisions of Public Law 845 of the 80th 
Congress or, more specifically, the Water Pollution Control Act. In 
preparing this paper it was my thought that it should answer some of 
the questions many of you have put to me. I have in mind some of 
those questions, such as: “What are your duties?”; “What is New 
England’s position in the Federal pattern of water pollution control?”; 
and, finally, “What is New England’s future in so far as stream 
pollution corrections are concerned?” 

It is not surprising to us that you should ask such questions, 
because this sort of sectional thinking and questioning was foreseen. 
In fact, the Washington authorities, while they realized there would 
be many problems of a regional nature, also knew that a successful 
water pollution control program had to be developed by dividing the 
country into natural drainage basin areas rather than by partitioning 
the country into groups of States. Fortunately, the 14 major river 
basins selected for current field operations in the country are so located 
that they not only meet the requirements imposed upon us by nature 
but also those imposed upon us by our sectionalism, industry and 
economy. Over the years, changes in our economy have been influ- 
enced only slightly by the States themselves. In contrast, our streams 
have influenced our economy— in fact our whole lives—more than any 
other one thing. Both New England’s history and future are tied to 
either the ocean or the streams. It follows then that a logical 
conclusion, based on the above facts, would require a New England 
Drainage Basin for field operations for the Federal Government’s 
activities in water pollution control. 


*Officer in Charge, New England Drainage Basin, Public Health Service, Federal Security Agency, 
120 Boylston St., Boston 16, Mass. 
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The question that is probably uppermost in your minds is: How 
does this program tie in with public water supplies? The answer to 
this question, I believe, is obvious, because water pollution control is 
not simply a program designed to prohibit all pollution but to control 
it to the extent that the receiving waters will be made to conform to 
the uses to which they are best suited in the reasonably foreseeable 
future. This water-usage fact was recognized by Congress and was, 
therefore, inserted in the law. 

Section 2(a) of the law states that the Surgeon General shall, 
in codperation with other Federal agencies, with State water pollution 
agencies and interstate agencies, and with municipalities and industries 
involved, “ ... prepare or adopt comprehensive programs for eliminat- 
ing or reducing the pollution of surface and underground waters.” 
In the development of such programs, the law states, “.. . due regard 
shall be given to the improvements which are necessary to conserve 
such waters for public water supplies, propagation of fish and aquatic 
life, recreational purposes, and agricultural, industrial and other 
legitimate uses.” 

As you will note, “public water supplies” leads the number of 
water uses listed in that provision. In other words, we are directed 
to give consideration and adequate study not only to the present 
stream usage but to the conservation of these waters for specific future 
uses. How our studies and comprehensive reports will emphasize the 
steps necessary to conserve waters for public water supply uses may be 
cited in the example of the proposed Hudson River auxiliary water 
supply project for New York City. If the city of New York is, at any 
future time, planning to use the Hudson River as a source of supply, 
this fact must be taken into consideration in our comprehensive report 
and, at the same time, it must be indicated how these waters can be 
made fit or conserved for such a high-priority project. 

Time will not permit a detailed account of all duties assigned to 
the Public Health Service under the Water Pollution Control Act. 
I shall, nevertheless, explain a few of them. First, however, I believe 
that something should be said about the basic principle of the Act. 
It appears in the first sentence, as follows: “That in connection with 
the exercise of jurisdiction over the waterways of the Nation and in 
consequence of the benefits resulting to the public health and welfare 
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by the abatement of stream pollution, it is hereby declared to be the 
policy of Congress to recognize, preserve, and protect the primary 
responsibilities and rights of the States in controlling water pollution, 
to support and aid technical research to devise and perfect methods 
of treatment of industrial wastes which are not susceptible to known 
effective methods of treatment, and to provide Federal technical 
services to State and interstate agencies and to industries, and financial 
aid to State and interstate agencies and to municipalities, in the 
formulation and execution of their stream pollution abatement 
programs.” 

Probably the most important function of the field offices of the 
Division of Water Pollution Control—and the New England Drainage 
Basin office is one of them—is the preparation of the comprehensive 
reports. As stated previously, section 2(a) of Public Law 845 makes 
it mandatory for the Surgeon General, in codperation with other 
Federal agencies, State water pollution agencies and interstate agencies, 
and municipalities and industries involved, to prepare or adopt 
comprehensive programs for stream pollution control. All activities 
involved in the development of comprehensive programs will be 
undertaken jointly with State water pollution control agencies and 
the interstate agencies. 

The purpose of the comprehensive reports is to produce documents 
that will be suitable for use by the States in carrying out technically 
and economically sound pollution abatement programs. From the 
Federal point of view, these reports will be used to support State 
programs and will act as guides to the various types of Federal actions 
that are authorized by the law. These reports will also act as guides 
in resolving divergent views regarding water uses, treatment required, 
and other factors. 

It is known that some States have practically no information on 
the conditions of their streams. On the other hand, some of the other 
States know a great deal, but they, too, still lack some of the funda- 
mental data necessary to prepare a definitive comprehensive report. 

In general, the final development of comprehensive reports 
will be preceded by preliminary reports, based on information presently 
available. The preliminary reports will point to gaps in data and 
will serve as guides for obtaining the necessary information. 
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By following this procedure, the States ultimately will be in a 
position to determine the most suitable water uses and prepare their 
programs accordingly. In my contacts with the State water pollution 
control authorities, I have been informed that they are all desirous 
of obtaining the type of information we are endeavoring to assemble 
for them. 

The preparation of the baseline reports will include data to: 
Provide a reference point to measure progress. 
Provide a guide to needed additional information. 
Provide a basis for the further development of comprehensive programs. 
Determine, to the degree possible, a list of treatment works which are 
obviously necessary: and which will be in accord with any subsequent 
comprehensive program. 

5. Provide a basis for loan approvals. 

6. Provide an educational document to aid in marshalling public opinion 

and providing information to officials concerned. 

From the above starting points, the Public Health Service and 
the State water pollution authorities will begin to prepare or develop 
the more definitive comprehensive reports. As we see it now, this 
latter program will require the preparation of suitable reports, based 
on data adequate to allow for: 


1. Determining the desirable stream uses for reasonably foreseeable future. 
2. Fixing water quality requirements. 
3. Determining existing stream conditions and the ability of the stream to 
assimilate the allowable pollution. 
4. Developing necessary corrective measures, based on items 1, 2 and 3 above. 
As stated previously, the comprehensive reports reflect the 
combined efforts of the States and the Federal Government. They may 
also represent the work of interstate agencies. Here in New England, 
then, the integrated reports may be considered as the New England 
Interstate Water Pollution Control Commission’s report, because they 
will be cleared there before they are made public. In preparing the 
reports, it will be necessary for us to consult other Federal agencies, 
State agencies, and groups or persons having an interest in pollution 
abatement, especially those whose local knowledge increases the value 
of their opinion. 
As this program progresses, experience may dictate that in 
order to assure consideration of all views and opinions, public hearings 
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may be necessary. Such hearings, if they are to be held, will, for the 
most part, be reserved for the more definitive reports. 

I believe you will now agree with me that these reports are truly 
engineering reports in every sense of the word. Whenever a munici- 
pality, State, or the Federal Government undertakes a public utility 
construction program, the authorities are invariably supplied with 
engineering data pertaining to: 

1. Existing conditions. 

2. Reasons for the planned improvements. 

3. The cost and other economic aspects. 


Our program is designed to do the same thing on a utility or, 
more specifically, upon a natural resource that has, in the past, been 
subject to practically no planning whatsoever. As for stream sanita- 
tion, I do not want to portray the idea that the States have done 
nothing. That is not the case. On the other hand, I do wish to state 
that practically none of the States has ever developed a planned 
program for an entire river basin. As you may see, our job, therefore, 
is made clear, because we can codrdinate the work of the States not 
only as it may apply to single interstate streams but also as it applies 
to the country as a whole. 

The need for applying measures applicable to States, regions, 
and the country as a whole brings up the problem in water pollution 
control of how to manage a program when the economic resources, 
population densities, and laws vary from State to State. This is a 
real problem and worthy of some thought because, as you know, 
there is real competition among the States which are trying to obtain 
new industries or to retain industries already existing within the 
borders of the State. Naturally, we should not want to see an industry 
move from one State to another solely because the first State was 
making an honest effort to better its streams while the other was either 
closing its eyes or was unable to act because of inadequate laws. 

On this matter, too, Congress recognized both the extent of the 
problem and the difficulties involved. It therefore directed the Surgeon 
General to encourage codperative activities among the States for the 
prevention and abatement of water pollution, to encourage the 
enactment of uniform State laws relating to water pollution, and to 
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encourage compacts among States for the prevention and abatement 
of water pollution. 

While it is generally considered impossible and even undesirable 
to have all State water pollution control laws precisely alike, we do 
believe that certain fundamental principles should be included in all 
State laws. One of these principles might well contain some stipulation 
pertaining to new sources of pollution. If this particular requirement 
existed in all State laws, it is probable that industry would find it 
difficult to move from one State to another just because they desired 
to dispose of their wastes in an inexpensive manner and with no regard 
to the rights of stream users. 

Speaking of State laws, I believe it would be to your benefit to 
know that considerable activity in the field of State water pollution 
legislation has occurred in the past decade. Over half the States 
passed new laws or amended their old statutes within this period. 
Because this type of legislation has been concentrated within a 
relatively recent period, it is not surprising to find a marked similarity 
in the enactments. In general, they have followed the technique of 
setting up a single administrative agency to deal with the problem of 
water pollution. 

The modern tendency is to codrdinate all State water pollution 
control activity under a single administrative agency, charged with 
the responsibility of enforcing State laws relating to the abatement 
of water pollution. In accordance with the provisions of the Water 
Pollution Control Act, such an agency may be recognized by the Public 
Health Service as the official State water pollution control agency 
and may participate in the benefits provided under the terms of the Act. 

Many of the States which have passed legislation in recent 
years have set up boards or commissions, made up of members 
appointed by the Governor. Other States have appointed ex-officio 
boards, composed of heads of State departments having related 
responsibilities, such as health, conservation, agriculture, industry, 
etc. These groups have been given comprehensive powers with which 
to develop programs for the prevention and abatement of water 
pollution throughout the State. 

In line with desirable practice, these boards have been provided 
with powers to hold hearings and, when necessary, to issue orders 
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relating to the abatement of pollution. In addition, they have been 
given adequate authority to take legal action against violators of 
pollution abatement orders. 

As to the enactment of laws in both New England and the State 
of New York in recent years, emphasis has been placed upon the 
classification principle of the control of water pollution. This type 
of procedure has been adopted in the aforementioned areas, because it 
is recognized that all waters must be placed and maintained in a 
condition best suited to the needs and uses of the people concerned. 

Section 2(d) of Public Law 845 of the 80th Congress contains 
a regulatory provision, declaring that pollution which arises in one 
State and endangers the health or welfare of people in another State 
is a public nuisance. This section also provides for public hearings 
and for court action. 

To me, the most significant part of the regulatory features of 
the law is that which provides for the holding of hearings, during which 
facts on a particular case can be brought before the public. Whether 
the offender is a municipality or an industry, we believe that public 
opinion will aid greatly in bringing about a satisfactory solution. 
I should like to state at this point that the Public Health Service is 
ready to assist industry in working out ways and means of treating 
industrial wastes. However, primary responsibility for developing 
methods of treatment and for constructing treatment works lies with 
industry. 

The law provides authorization for loans to States, interstate 
agencies and municipalities for the construction of treatment works 
to the limit of $22,500,000 annually for a 5-year period, beginning 
July 1, 1948, with a maximum loan of $250,000 for an individual 
project. Additional funds also are authorized annually, as follows: 

$1,000,000 for grants to States and interstate agencies for investigations, 

research, surveys and studies, related to the prevention and control of 
pollution, caused by industrial wastes. 

$1,000,000 in grants to States, municipalities, and interstate agencies for 

advance planning of remedial works. 


$2,000,000 for the operation and administration of this program by the 
Public Health Service. 


$500,000 for the administration of the Federal Works Agency functions 
under the law. 
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$800,000 for construction of a Public Health Service laboratory building 
at Cincinnati, Ohio, for water pollution research. (The President in his 
recent budget message to Congress asked for $3,800,000, to be made 
available July 1 for prompt construction of this facility. The requested 
amount, with $200,000 appropriated in 1948, would complete the $4,000,000 
authorized by the Water Pollution Control Act.) 

To date, total appropriations under the Act have amounted to 
$2,725,000. Of this amount $275,000 went to the Federal Security 
Agency (of which the Public Health Service is a constituent) and the 
General Serviées Administration for operational purposes during the 
fiscal year ending June 30, 1949. The remaining $2,450,000 was 
appropriated to both agencies for the current fiscal year for operations 
and for Public Health Service industrial waste grants. 

From the money appropriated by Congress for grants to study 
the industrial waste problem, the following sums have been paid in 
this fiscal year to the New England States and the New England 
Interstate Water Pollution Control Commission: 


Connecticut $12,296 
Maine $10,941 
Massachusetts $18,780 
New Hampshire $10,125 
Rhode Island $10,127 
Vermont $ 9,559 
New England Interstate Water 

Pollution Control Commission $10,000 


An additional $12,500 has been granted to the State of Massa- 
chusetts for special research on the treatment of wool-scouring wastes. 

As for New England’s future in so far as stream pollution correc- 
tions are concerned, I should first like to say that we need not be 
too ashamed of what we have done in the past. What we may look 
for in the future depends upon how fast the State authorities 
wish to proceed. On this point I can assure you that all the New 
England States are committed to making greater strides than they 
have in the past, because all of them, within the past few years, have 
accelerated their programs. To me, at least, the future of New 
England with regard to stream improvements looks bright. 
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DIscuUSSION 


FRANCIS X. CROWLEY (Boston, Mass.). Does the Public Health 
Service have any executive powers to force communities to install 
sewage-treatment plants, particularly in cases where one city is 
polluting the water and another city is receiving the polluted water? 

Mr. TRAGER. Yes, the Surgeon General has that authority. The 
first thing, of course, is to hold public hearings and it is our belief 
that the mere fact that the Public Health Service—the Federal 
Government—is holding public hearings in a community, involving 
pollution coming from one city to another, will more or less force 
action by the municipality or by the industries involved. We do not 
think it will get far enough for court action. However, it can go to 
court action, if desired. 
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THE SCHWARZENBACH METHOD FOR DETERMINATION 
OF HARDNESS 


BY J. CARRELL MORRIS* 


[Read at Chemists’ Round Table, Feb. 16, 1950.] 


WartER chemists have for a long time wanted a procedure for the 
determination of hardness in water that would be both rapid and 
accurate. The various soap-titration techniques and the palmitate 
method are fairly rapid, but they do not yield precise results. Standard 
analytical methods for calcium and magnesium, while of good accuracy, 
are time-consuming and require skillful technique. 

A method which appears to have solved the problem has now 
been developed as a result of the work of Schwarzenbach and his asso- 
ciates in Switzerland (1, 2, 3). During the past two or three years 
additional critical studies of the method have been carried out in this 
country, to explore the range of validity of the test and its accuracy, 


and to specify the best conditions for the conduct of the test (4, 5, 6). 
As a result of these investigations, it is indicated that the Schwarzen- 
bach method is about twice as rapid as the standard soap titration 
and that it yields results of the same order of accuracy as the standard 
analytical methods—within 2 ppm on waters in the usual range of 
hardness. 


PRINCIPLES OF THE METHOD 


The chemistry of the titration is very interesting and its appli- 
cation to the analytical problems has been highly ingenious. Schwar- 
zenbach found that calcium and magnesium ions would form stable 
complexes with the disodium salt of ethylenediaminetetraacetic acid 
(formula Na,H.C.H,N.(CH.COO),, designated as Na.H.T) accord- 
ing to the equations 


Cat + + Na2H2T —> CaH2T + 2Na* 
Mgt + NasHoT MgH.T 2Nat 


*Associate Professor of Sanitary Chemistry, Harvard University, Cambridge, Mass. 
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When a solution of disodium dihydrogen ethylenediaminetetraacetate 
is added to a water containing these ions, the complexes form rapidly 
and completely. The calcium complex is more stable than the mag- 
nesium one, so that as the solution of Na,H.T is added, the calcium 
complex forms first, and only when calcium ions have reacted essen- 
tially completely does the magnesium complex form. 

Since both complexes are colorless, some sort of end-point indi- 
cator is required to make the reaction useful in an analytical procedure. 

Biedermann and Schwarzenbach (3) found that the dyestuff 
Eriochrome black T, or F241, could be used as an indicator for the 
titration. This dyestuff is a tribasic acid (designated as HsIn) which 
gives the following reactions in water: 


pH6.3 pH 11.5 


— 
HoIn <— Hin In 


wine bl 
ue orange 
red 8 


In solution between pH 8 and 10 the dye reacts with Mg** to 
form a complex according to the equation 


== ++— > + 
HIn + Mg — MgiIn +H 
blue wine red 


Hence, when some of the dye F241 is added to a solution contain- 
ing Mg** that has been buffered between pH 8 and 10, the solution 
takes on a wine-red color. Now, if this solution is titrated with ethyl- 
enediaminetetraacetate, the color remains unchanged until a sufficient 
amount of the reagent has been added to react with all of the hardness 
present. Then, because the MgH.T complex is more stable than the 
MgIn~ complex, the reagent takes the Mg** from the dye complex 
and the color of the solution changes from red to pale blue. 

Calcium ions also form a complex with the dyestuff, but it is not 
stable enough to serve as an indicator. Therefore, when no Mg** 
ions are present in the water or when the reagent is being standardized 
against calcium carbonate, magnesium ions must be added to the 
solution. This is accomplished automatically by dissolving some mag- 
nesium salt in the titrating reagent before it is standardized. Then, 
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as the titration proceeds, Mg** ions are introduced into the solution, 
but no extra calculations or corrections are required. 


REAGENTS* AND PROCEDURE 


(1) Indicator. Dissolve 0.5 g of Eriochrome black T in 100 ml 
of alcohol. 


(2) Buffer. Mix 67.5 g of NH,Cl with 570 ml of concentrated 
NH,OH and dilute to 1 liter. 

(3) Standard Calcium Solution. Prepare as in “Standard 
Methods for the Examination of Water and Sewage.” 


(4) Standard Na,H.T Solution. Weigh out 4.00 g of reagent- 
grade disodium dihydrogen ethylenediaminetetraacetate** and 0.100 g 
of MgCl, .6H,O. Dissolve these salts in about 750 ml of distilled 
water. Then titrate 25.0 ml of standard calcium solution with this 
reagent, according to the procedure for the determination of hardness 
which follows. On the basis of the standardization, dilute the Na,H,T 
solution so that 1 ml = 1 mg of hardness. 

For the determination, measure with a pipette 50 ml of water 
sample into a 250-ml Erlenmeyer flask. Add 1 ml of the buffer solution 
and then 3 or 4 drops of indicator. (It is necessary to add the buffer 
before the indicator, to avoid interference by iron.) Titrate the sample 
with the standardized reagent as rapidly as desired. At the end-point 
the color changes from wine red to a clear pale blue with no trace of 
red remaining; i.e., the end-point is the complete disappearance of 
the red color, not the first change in hue. Calculate the hardness 
from the ml of reagent required. 


Discussion 


The precision and accuracy of this method have been extensively 
studied by other authors (3,4, 5,6). Some indication of the precision 
that can be obtained even by inexperienced analysts is shown in Table 
1, which presents results obtained on two samples of water by students 
in a water-analysis course. No results from the class have been omitted. 


*Reagents or solutions of them can be obtained from the Hach Chemical Co., Box 597, Ames, lowa, 
and from W. H. and L. D. Betz, Philadelphia, Pa. 

This chemical is sold commercially under the trade name of Versene. There are also other 
trade names. 
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TABLE 1.—RESULTS OF STUDENT TITRATIONS FOR HARDNESS BY SCHWARZENBACH 
TECHNIQUE 


Sample B—Synthetic, containing 350 ppm 
Sample A—Cambridge tap water Ca hardness and 100 ppm Mg hardness* 


460 460 
462 452 
463 451 
463 466 
465 456 
449 449 
459 


Ave.: 83.4 Ave.: 458 


*These concentrations were determined from the weights of c.p. salts used. They may have been 
slightly in error because of uncertainties in composition. Therefore the difference between 450 and 458 
does not represent inaccuracy in the titration. 


In addition to its speed and accuracy, the method has other 
advantages. Samples containing up to 1,000 ppm hardness, or even 
more, may be titrated without dilution. However, if large amounts of 
Mg hardness are present (> 200 ppm), it is advisable to dilute the 
sample, to avoid precipitation of Mg(OH),. By using a more dilute 
reagent, results within 0.1-0.2 ppm can be obtained on waters with 


less than 2 ppm hardness (6). The titration is unaffected even by large 
concentrations of NaCl. Consequently, the method can be used in 
checking the regeneration of ion-exchange resins and possibly even 
for titrating hardness in sea water. 


INTERFERENCES 


Probably no analytical method is entirely free from interference 
by ions or compounds other than those one wishes to determine. The 
ions likely to be found in water that interfere most seriously with the 
’ Schwarzenbach titration are those of copper and manganese. (Nickel 
and cobalt ions also interfere, but are not commonly found in water 
supplies.) However, relatively simple modifications in the procedure 
have been developed to take care of the interfering ions, so that their 
presence need cause no concern. 

Normally, in the presence of copper ions greater than 0.1 ppm a 
satisfactory end-point to the titration is not obtained, apparently be- 
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cause copper forms a red complex with the indicator that is not de- 
composed by the titrating reagent. Connors (4) and Diehl, Goetz 
and Hach (5) found that by adding sodium diethyldithiocarbamate to 
the solution, the interference of up to 5 ppm of copper was eliminated. 
The diethyldithiocarbamate can be mixed with the indicator solution 
(4.5 g per 100 ml). Then when the indicator is added, copper inter- 
ference is automatically excluded. 

Manganese appears to catalyze the decomposition of the indi- 
cator, Causing indistinct end-points. This interference for concentra- 
tions up to 20 ppm of Mn can be eliminated by adding hydroxylamine 
hydrochloride to the solution. Again, the reagent can be mixed with 
the indicator (4.5 g per 100 ml). 

If very large amounts of copper or manganese ions are present 
or if the solution contains cobalt or nickel ions, sodium cyanide 
(0.25 g) may be added, to overcome their interfering effects. The use 
of the cyanide, although it is effective against virtually all of the 
metallic-ion interferences, is recommended only when the other modi- 
fications are not satisfactory, because of the poisonous nature of 
cyanides. 

Betz and Noll (6) propose the use of a borax buffer, containing 
sodium sulfide, in place of the NH,OH-NH,Cl solution and claim that 
when this buffer is used, there is no interference by copper, manganese, 
or many other metals. However, Diehl, Goetz and Hach (5) find the 
borate-sulfide buffer unsatisfactory. 

Sequestering agents like the polyphosphates are also a potential 
source of difficulties in the titration. Experimentally there is some 
disagreement as to their effect. Diehl, Goetz and Hach (5) state that 
the method is not satisfactory in the presence of polyphosphates, 
whereas Betz and Noll (6) find that concentrations up to 25 ppm can 
be tolerated without error. 


SEPARATE CALCIUM AND MAGNESIUM DETERMINATIONS 


The standard Schwarzenbach titration does not yield values for 
the individual calcium and magnesium concentrations in the solution. 
Magnesium can be determined by first precipitating and separating 
the calcium as oxalate. It also appears possible to determine calcium 
separately by using a different indicator for the titration (4, 6). 
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As the latter technique is still in the experimental stage, its reliability 
is not certain. 
SUMMARY 


Hardness in water can be rapidly and accurately determined by 
titration with a solution of disodium dihydrogen ethylenediaminetetra- 
acetate, which forms stable complexes with calcium and magnesium 
ions. In the pH range 8 to 10, the dye Eriochrome black T, used 
as an indicator, shows a sharp color change from red to blue at the 
end-point of the titration. The method is precise to 2 ppm or better, 
takes about half the time required for a soap titration, and is directly 
applicable over wide ranges of hardness. It is not adversely affected 
by high concentrations of many types of dissolved salts. The tem- 
perature of the solution has little effect. There are only a few 
substances which interfere and the disturbance they cause can be 
eliminated by simple modifications in the standard procedure. 

Although further field experience is needed before the method 
is adopted as standard, it appears likely that this Schwarzenbach 
titration is destined in the near future to replace the soap method for 
the determination of total hardness in water. 
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THE NEW WATER SUPPLY OF BRISTOL, NEW HAMPSHIRE 
BY HOWARD E. BAILEY* 
[Read February 16, 1950.] 


THE Bristol Aqueduct Co. was organized in 1886 to furnish water 
from Newfound Lake to the town of Bristol (see Fig. 1) with $20,000 
capital stock, consisting of 400 shares of $50.00 each. 


Original System 

The backbone of the system includes an intake in Newfound 
Lake, constructed of 21-in., galvanized, corrugated iron pipe, which 
in turn connects to about 3,000 ft. of wood-stave pipe. Within the 
limits of the village a 10-in. cement-lined steel pipe was laid to the 
center, with 6-in. and 4-in. branch lines in the neighboring streets. 

The corrugated, steel intake pipe, which lies on the bottom of the 
lake, was replaced a few years ago. The wood-stave pipe, although 
reported to be in excellent condition, has developed numerous small 
leaks, which decrease the fire flow downtown. The cement-lined steel 
pipe is fragile, and care must be exercised in operating the valves 
and hydrants in the system, to prevent the resulting water-hammer 
from breaking this thin steel pipe, which is now over 60 years old. 
A few years ago, a break occurred in the pipe, which left the town of 
Bristol without water for a period of three days, while attempts were 
being made to weld a patch on the steel plate. 


Water Pressures and Fire Flows 
The static pressure in the village is approximately 50 lb. Flow 
tests, made by the New Hampshire Board of Underwriters, indicated 
that only 690 gal per min would be available in the case of a fire in 
the downtown area, whereas a flow of 2,500 gal per min is desirable. 
Similarly at the Dodge Davis Mill, located about 34 mile above the 
center, a flow of only 690 gal per min was observed under test, where 
' 2,000 gpm are required for adequate protection. Hydraulic computa- 


*Consulting Engineer, 6 Beacon St., Boston 8, Mass. 
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Fic. 1.—TopocrapHicat Map oF BristTot, N. H. 


tions indicated that a much larger quantity of water should be 
available, provided there were not other factors involved. 

During the progress of the investigation, it appeared that one 
of the valves in the mill yard had been left open for a number of years 
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and had discharged over 100,000 gal per day directly to the river. 
This leak accounted for much of the apparent loss of capacity of 
pipe lines. 


Quality of the Water 


The quality of the water in Newfound Lake was excellent for 
many years, but the hazard of human pollution is now ever-present. 
Summer colonies developing along the shore aggravate the problem 
of increasing contamination of the lake water. Moreover, the growing 
demand for recreational spots in the State of New Hampshire has 
served to intensify the problem, through the competitive uses of 
attractive lakes by water-supply departments and recreational interests. 
Since the two developments are opposed to each other, it is clear 
that there is no easy solution to the situation and it would appear, at 
least for the smaller towns, that it may be desirable to obtain the 
domestic supply elsewhere. 

Since Newfound Lake presents such an attractive recreation 
center, it would be impractical for the Department of Health to 
police this area at all times and to prevent persons of all ages from 


bathing in the lake. Chlorination was required several years ago for 
the protection of the customers, but the Department of Health has 
ruled that filtration of the supply would be required if the town were 
to continue using the water. 


Factors Affecting Planning of Water-Works Improvements 


After the failure of the steel pipe line and the resulting three-day 
drought, the Public Service Commission ruled that the customers 
must be supplied continuously in order for the Aqueduct Co. to hold 
its franchise. 

Due to the low static pressure in town, the long pipe line leading 
from the lake, the loss of fire-fighting facilities through breaks, and 
the inadequate fire reserve, the New Hampshire Board of Underwriters 
ruled that the pipe line from the lake must be renewed, additional local 
storage be made available, or other suitable arrangement made, to 
assure continuous service. Failure to make the necessary improvements 
might involve an increase in fire-insurance rates. 

The increasing contamination of the lake by the summer-colony 
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population led the New Hampshire Board of Health to rule that 
water must be filtered, if the town of Bristol were to continue using 
Newfound Lake as a source of water supply. 

The Bristol Aqueduct Co., faced with an expenditure of $50,000 
to $100,000, was reluctant to start the construction of the filtration 
plant, the erection of a steel standpipe, and the program of pipe 
replacement. Fortunately the town took advantage of conditions to 
purchase the water system in 1948. 


New Source of Supply 


Exploration for ground water, to be obtained from wells, was 
limited by the financial condition of the Bristol Aqueduct Co. and the 
areas investigated were confined to locations adjacent to the existing 
pipe lines. Only one of the many test wells indicated the possibility 
of securing water locally from underground sources. The quality of 
water from this test well was poor, as the high content of iron would 
render such a supply impractical. 

Under the direction of the town, a successful test well was driven, 
off Route 104 near the edge of Danforth Brook, whose watershed 
at this point is less than two square miles and is sparsely populated. 


New Gravel-wall Well 


A few feet from the site of the test well, a new gravel-wall well 
was installed to a depth of approximately 49 ft. The inner casing and 
screen were of 12-inch diameter, the gravel envelope having a diameter 
of 24-in. at the ground surface, with concrete seal ot 36-in. diameter. 
A temporary pump was installed and the well was tested for a period 
of two days. The rate of pumping was 350 gpm for 30 hours and 
500 gpm for the remainder of the test. The static pumping level was 
5 ft. The pumping level at 350 gpm was 10 ft and the final drawdown 
at 500 gpm was 12 ft. One observation well was provided, approxi- 
mately 75 ft southeast of the large well. The maximum drawdown 
on the observation well during the test was 11 ft. 


Piping Connections to Town 


An 8-in. pipe, about 5,000 ft long, was laid from the new well 
along Route 104 and connected to the town piping system near Spruce 
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St., where the existing pipe was 8-in. in diameter. Re-connections 
were made at Merrimack St. to the old 4-in. pipe line. 

A new 10-in. main was laid in Hillside Ave., connecting the 
standpipe with the 10-in. cement-lined steel pipe on Lake St. Branch 
connections to the existing pipes in Green St. and North Main St. 
(the old Turnpike Road) were also made, to improve the fire-fighting 
facilities. 


Stand pipe 


A new welded steel standpipe (see Fig. 2) was erected on Sugar 
Hill on a reinforced-concrete foundation, opposite the end of Hillside 
Ave. The standpipe has a height of 32 ft and a diameter of 37 ft, and 
was furnished and erected in accordance with the AWWA Standard 
Specifications. The roof is of copper-bearing steel and the structure is 
painted with three coats of paint. Basic lead chromate was used for 
the shop and interior coats. The exterior was finished with two 
coats of aluminum paint. 

The high-water level of the standpipe is approximately 30 ft 
above the level of Newfound Lake, in order to afford an additional 
pressure of 15 lb over the system. 

The standpipe was erected on the site with an approach grade 
varying from 30 to 50% up from the Old Turnpike. The steel-erection 
contractor had no difficulty, however, in skidding the plates into 
position. 


Pumping Station 


The pumping station, (Figures 3 and 4) measuring 16 ft by 18 ft 
inside the walls, is somewhat larger than the usual design, as recent 
practice indicates the desirability of more space for electrical equip- 
ment and engine appurtenances. The larger station also permits the 
gate valve and meter to be included above the motor floor for easy 
access. 

The pumping station was constructed with concrete foundation, 
brick side-walls and concrete-slab roof. A metal-covered scuttle with 
louver ventilator and adjustable doors was provided in the roof 
over the location of the well, to permit setting the pump and ventilating 
the motor and gasoline engine. 
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Two ventilated aluminum-sash windows were provided, as well 
as a metal-clad door with louvers in the lower panel. An adjustable 
metal sheet provides regulation of the ventilation in the door louvers. 

Heating in the station is furnished by a gravity-type oil burner, 
connected to a fire-lined-clay-brick chimney, built as part of the station 
wall. 


Pumping Equipment 


A turbine-type, vertical centrifugal pump has been provided in 
the well, with dual drive, consisting of a 25-hp electric motor, 
mounted on top of the pump shaft, together with auxiliary gasoline 
engine, connected at right angles through gearing. The motor is 
operated at 220 volts, 3-phase, 60-cycle current. An enclosed, electrical 
control unit, mounted in a single cabinet, includes the incoming line 
breaker, branch circuit breaker, reduced-voltage motor starter, and 
building service connections. The operation of the pump will be 
automatic, the electric controls being actuated by pressure in the 
distribution system. 


The auxiliary gasoline engine is a 6-cylinder, Ford industrial-type, 
unit and is equipped with radiator cooling and attached gasoline-storage 
tank. 

The pump is rated at capacity of 350 gpm at 1,750 rpm, at a 
total dynamic head of 80 lb, and will pump water from the well 
directly into the distribution system. 


Results 


The new additions to the water system will allow the abandonment 
of Newfound Lake as a source of supply, and will furnish cool, 
unpolluted water to the consumers at an increase of pressure of about 
15 lb. The standpipe will provide about 2’ day’s storage for domestic 
water supply, or 1,000 gpm for fire-fighting purposes for a period 
of four hours. 

An additional well is contemplated in the near future and 
consideration is being given to extending the system to include the 
summer cottages around Newfound Lake. 

The cost of improvements to the system is approximately $70,000. 
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GROUND-WATER SUPPLY FOR NEW BRITAIN, 
CONNECTICUT 


BY GEORGE W. WOOD* 
[Read February 16, 1950.] 


BEFoRE describing in detail the ground-water supply for the 
city of New Britain, perhaps it would be well to give a brief description 
of the city’s water-supply system. 

Our water-supply system originated in 1857 with the construc- 
tion of a small dam, creating Shuttle Meadow reservoir at a point 
about 3 miles southwest of the center of the city (see Fig. 1). The 
drainage area tributary to this reservoir was only 1.17 sq mi. 

Several improvements have been made at this location. Two 
canals were constructed, one to the east of the reservoir and one to 
the west. These two canals, with a total length of 15,000 ft, intercept 
the flow of water in several small brooks and divert this flow to the 
reservoir. This increased the drainage area to 2.94 sq mi. 

The height of the dam has been increased until, at the present 
time, Shuttle Meadow reservoir has a total storage capacity of 1,290 
mil gal. 

In 1897 a double, 20-inch pipe line was constructed from Shuttle 
Meadow to Roaring Brook in the town of Wolcott. In 1904 the 
Wolcott reservoir, with a drainage area of 2.45 sq mi and a storage 
capacity of 170 mil gal was constructed. The flow-line elevation of 
this reservoir is 767.8 ft above sea level. 

Water from this reservoir is discharged into the original Roaring 
Brook channel, whence it is carried down the mountain side to the 
intake of the double, 20-inch pipe line. The flow line of this intake is 
557 ft above sea level. 

This pipe line crossed three valleys on its route to Shuttle 
Meadow. The first of these valleys is known as the Eight Mile River 
valley, the second as the Quinnipiac River valley, and the third as 
the Patton Brook valley. 


*Chief Engineer, Board of Water Commissioners, New Britain, Conn. 


. 
“3 
: 
< 
. 


GROUND-WATER SUPPLY FOR NEW BRITAIN 


Station 
BURLINGTON 


Upper |. 
| \ 


: Lower 


Upper White Bridge \ 
White Bridge \ 


Oid High Service 


NEW | 


BRITAIN 


Pomp 


Filtration Plant 
hu ttle Meadow Res 


BERLIN 


Patton B 
ipelines 


River 
tight Mile River 


GENERAL PLAN 


144 
| 
Ae 
24 pe Line 
\ 
\ | 
| 
\ | 
\ 
H 
WOLCOTT. 
3 Wolcott Res FA ‘ 
4 
| 
Fic. 1. 


GEORGE W. WOOD 145 


The Patton Brook valley is about 220 ft above sea level and 
the point where the pipe line crosses the brook is 6,600 ft west of 
Shuttle Meadow. About 1,200 ft west of Shuttle Meadow the two 
20-inch pipe lines unite into one 30-inch line. The invert of the pipe 
line at this point is 412 ft above sea level. 

The reason for giving all these details on this particular area at 
this time is that we are now completing a well in this valley, which 
will be described later. 

In 1908 a 24-inch pipe line about 10 miles long was constructed 
from the city northwest into the town of Burlington. Water was 
diverted from the Whigville Brook until 1910, when the Whigville 
reservoir was constructed. This reservoir, although it collects water 
from 4 sq mi, has a capacity of only 64 mil gal. It really cannot be 
classed as a storage reservoir, but only as an overgrown intake. 

Perhaps you have already noticed a peculiarity in regard to the 
Wolcott and Whigville developments. The Wolcott development has 
a drainage area of 2.45 sq mi, a storage capacity of 170 mil gal and 
a pipe-line capacity of 12 mgd to Shuttle Meadow, whereas the 
Whigville development has a drainage area of 4.0 sq mil, a storage 
capacity of 64 mil gal and a pipe-line capacity of 6.3 mgd to Shuttle 
Meadow. 

During the progress of a leak survey in 1941, both of these lines 
were tested and in both cases the coefficients determined ranged between 
90 and 94. 

In 1920, under the supervision of Allen Hazen, numerous test 
wells were drilled in a valley about 3.3 miles below the Whigville 
reservoir and in the northeastern section of the city of Bristol. 

The flow line of the Whigville reservoir is 570 ft above sea level. 
The terrain drops rapidly to the south. About 5,000 ft south of the 
reservoir the elevation is 350. At the area where the test wells were 
drilled the elevation is 250 ft above sea level. 

In this valley there is a brook system, consisting of the old 
Whigville Brook, the Wildcat Brook, Falls Brook and Polkville Brook. 
All these brooks originate in high, rocky areas and then meander 
through this broad, flat sandy valley. These brooks all combine to 
form the Copper Mine Brook or, as it is more correctly known, the 
North Branch of the Pequabuck River. 
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After considerable study it was decided to construct a ground- 
water supply a short distance above the confluence of the Polkville 
Brook and the Copper Mine Brook (see Fig. 2). 

A canal, 1,200 ft long was constructed, connecting the two brooks. 
About 50 ft south of this canal and parallel to it 20 8-inch wells were 
installed. 

These wells consist of an 8-inch casing with a screen 15 ft long 
at the bottom. The average depth of these wells is about 40 ft. A 
4-inch suction pipe extends down the inside of each well and at the 
top connects to a header line, the first portion of which is 12-inch pipe 
and the remainder 16-inch pipe. 

The 16-inch header line terminates in a large concrete well, known 
as the caisson. This caisson is 50 ft in diameter and about 28 ft deep, 
measured from the original ground level. The wall of this caisson is 
honeycombed with -3-inch pipes, spaced on 6-foot centers. There is 
no bottom to this caisson. 

A 16-inch line leads from the caisson to the pump station. The 
original installation consisted of a horizontal duplex pump of 2.8-mgd 
capacity, operated by a 150-hp, 2-cylinder Diesel engine. A vacuum 
pump was connected to the 16-inch header line just before this line 
entered the caisson. 

As the water was pumped from the caisson and the water level 
dropped, the difference in level between the inside and outside of the 
caisson started water flowing from the wells. 

This original installation was intended as an auxiliary supply. 
For the first few years it was not used very much, but, as consumption 
increased, it was called upon more and more. In 1931, after pumping 
for several weeks, the canal and the Copper Mine Brook were abso- 
lutely dry. It became necessary to resort to part-time pumping. 

A number of 2-inch observation wells had been left in place at 
the time the 8-inch wells were installed. Several more observation 
wells were drilled and daily readings on the water levels were taken. 
While drilling these wells soil samples were also taken. 

The 16-inch header line was tapped and a flow test taken, to 
determine the quantity of water being delivered from the wells. It 
was discovered that 41% of the water being pumped from the caisson 
was coming from the caisson itself. 
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A line of observation wells about 250 ft long, extending from the 
caisson to the Copper Mine Brook, showed that the water table did 
not curve gradually from the brook to the caisson, as most of the 
textbooks lead us to believe. In this case the conditions under the 
ground surface were such that the water table was almost level from 
the brook to just outside the caisson, at which point it took a sudden 
drop. 

After studying the soil samples and hundreds of water-level 
readings, the following plan was adopted. 

The Polkville Brook and the Copper Mine Brook were straight- 
ened. Two dams in the Polkville Brook and one in the Copper Mine 
Brook were constructed. These three dams were fitted with stop logs, 
so that the level of the water in the brooks could be controlled. At 
each end of the canal control works were erected. Immediately adja- 
cent to the caisson an area one acre in extent was excavated. An inlet 
from the Copper Mine Brook to this area was installed, as well as a 
connection to the canal. 

A very dry summer occurred in 1941 and these improvements 
proved to be very satisfactory. 

The following tabulation shows the quantity of water pumped 
from the wells: 


QUANTITY OF WATER PuMPED (Mil Gal) 


1923- 15 1930-317 1940- 85 
4-147 1-357 1-510 
5-196 2-290 2-316 
6-219 3- § 3-233 
7- 0 4- 68 4-531 
8-183 5-148 5- 20 
9-301 6-114 6-193 

7- O 7-222 
8- 0 8-244 
9-157 9-642 


About this time (1941), an area 3% of a mile north of White 
Bridge was investigated and 66 well points were installed. Twenty- 
eight of these well points were installed in a straight line, running 
north and south, approximately parallel to the Copper Mine Brook. 
Two other lines of well points, extending to the west, were installed 
at almost right angles to the first line. 
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These well points are connected to header lines, consisting of 
8-inch Transite pipe. The header lines terminate in a small pumping 
station. In this station there are two electrically driven 1-mgd pumps 
and a vacuum pump. Water from these pumps is discharged into a 
12-inch pipe line that conducts the water to the caisson at White Bridge. 

In 1943 a new pumping station was erected at White Bridge (see 
Fig. 3) and the old pumping equipment abandoned. This new station 
is equipped with two, 300-hp, Fairbanks-Morse, Diesel engine gener- 
ator units. These units produce enough electricity to operate two 3- 
mgd pumps at White Bridge and also the two 1-mgd pumps at Upper 
White Bridge. The two 3-mgd pumps are designed to operate against 
a total dynamic head of 298 ft. 

A 16-inch suction line leads from the caisson to the large pumps. 
The discharge line is a 14-inch line and is connected to the discharge 
line from the abandoned station. A Venturi meter in the discharge 
line from the old station measures the quantity of water pumped. A 
chlorinator was installed in the old station and all water pumped is 
chlorinated. 

A 20-inch line extends from the Venturi meter about 1,100 ft to 
the 24-inch Whigville line. 

Full utilization of the Whigville and White Bridge developments 
is not accomplished, due to the limited carrying capacity of the Whig- 
ville pipe line. From Whigville to our filtration plant the line has a 
capacity of 5.1 mgd. If water is delivered to Shuttle Meadow reservoir, 
the capacity is increased to 6.5 mgd. 

With a full line from Whigville no water can be diverted from 
White Bridge. However, with a partial flow equal to about 3.0 mgd 
from Whigville, one pump at White Bridge can be operated. 

Ordinarily, when the ground water only is being discharged into 
the Whigville pipe line, this water is conducted directly to the distri- 
bution system in the city. One pump, operating under these conditions, 
will deliver about 3.5 mgd and two pumps, operating under the same 
conditions, will deliver almost 6.0 mgd. If necessary, the two pumps 
will deliver between 5.0 and 5.5 mgd to the filtration plant. 

During the past year we have tried several methods of operation 
of these two systems, in an attempt to obtain the most efficient method 
and the one that would deliver the greatest quantity of water. 
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The original purpose of the White Bridge installation was to 
pump water from the Copper Mine Brook during periods of high flow 
and to pump from the wells during the dry periods. Taking advantage 
of the water available during the periods of high flow has not been 
done, due to the lack of storage for this water and the small capacity 
of the pipe line. 

The city obtained full rights on the Copper Mine Brook and may 
take all the water available. Considerable water is lost each year. 
The drainage area tributary to White Bridge is slightly over 10 sq mi. 
Whenever water is spilling at the Whigville reservoir, the drainage 
area becomes about 14 sq mi. 

Between Whigville and White Bridge there is no reservoir site. 
In order to collect the flood flows that are now lost, it would be neces- 
sary to find some location where storage could be created and, with 
high-capacity pumps, to divert these flood flows. Reservoir sites are 
not numerous and construction is costly. 

As we all know, the past summer was deficient in rainfall. In 
June our rain gages recorded slightly over %4-inch of precipitation. 
Consequently, the pumps at White Bridge were put into operation on 
June 20. From this date until December 31 they were operated con- 
tinuously with the exception of 12 days, during which time water was 
being diverted from Whigville. During this period of 194 days, 642 
mil gal of water were pumped from the wells. This is at the rate of 
3.3 mgd. 

The pump station was shut down from December 31 to January 5. 
Whigville water was diverted during this period. On January 5 oper- 
ations were resumed at White Bridge. This time, however, a combi- 
nation of White Bridge and Whigville was used and is still in oper- 
ation. About 3.1 mgd are being diverted from Whigville and about 
2.6 mgd from White Bridge. Because of the Whigville water the 
diversion is being delivered to the filtration plant. In January 70 
mil gal were diverted from White Bridge. 

At one time this past summer the excavated area adjacent to the 
caisson was almost dry. Pumping was increased and this area was dried 
out and cleaned. After cleaning, pumping was returned to normal 
and the pond started to rise again. 

No readings on water levels were taken in the observation wells. 
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The depth of water in the canal, the pond, the brook and the caisson 
indicates to us very closely where we stand. Hourly readings are taken 
in the caisson and, when the water level drops to a certain point, we 
know that pumping will have to be decreased. This area is extremely 
susceptible to light showers. Within a very short time after a shower 
the effect is noticed at the pump station. There is some rise in the 
water level. 

At the present time, even after such a long period of almost con- 
tinuous pumping, there is water passing the station, spilling over the 
stop logs and continuing on downstream. 

Let us now travel several miles to the south into the town of 
Southington, through which the Wolcott pipe line passes. This pipe 
line, as mentioned in the first portion of this paper, crosses three 
valleys. Several 8-inch test wells were drilled in these valleys, close 
to the pipe line. 

Eight wells, drilled across the Eight Mile River valley, did not 
give any indication of the presence of a good ground-water supply. 
There is about an 8-square-mile area tributary to the pipe line in this 
valley. Most of this valley consists of sand and gravel and should 
be productive, but evidently we did not find the correct location. 
The eight wells drilled did not reach rock. 

In the Quinnipiac River valley, a seismic survey was run across 
the valley and indicated rock to be at least 100 ft below the surface 
at a point about 100 ft east of the river. The area tributary to this 
point is about 15 sq mi and consists for the most part of a wide, flat 
sandy plain. 

Two wells were drilled and some water was found. The sand, 
however, is fine and probably several wells would have to be installed 
in order to get a respectable supply. It would require a rather large 
property purchase of a truck farm. As the owners are not willing to 
sell at a reasonable figure, this location is being bypassed for the time 
being. 

The third and last valley that the Wolcott pipe line crosses is 
that traversed by the Patton Brook. The Eight Mile River and the 
Quinnipiac River flow in a southerly direction, but the general direction 
of Patton Brook is to the north. About 1.5 miles from the point at 
which the brook crosses under the pipe line, it joins the Quinnipiac 
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River. The drainage area in this case lies to the south of the pipe line 
and covers about 1.8 sq mi. 

On the east edge of this valley there rises a hard rock ridge about 
200 ft high. There is a sharp drop to the floor of the valley, which, 
however, is not as flat as the floors of the Eight Mile River and Quin- 
nipiac River valleys. It is more irregular with several low, rounded 
hills. 

The first test well drilled in this area was at the eastern edge of 
the valley floor. Rock was encountered at 16 ft and some water was 
in evidence. The second well was drilled about 1,900 ft west of well *1, 
and in this well rock was 23 ft from ground level. A four-hour test 
produced 330 gpm, with almost immediate recovery. 

The next three wells were drilled in an area south of the pipe line 
and approximately 700 ft west of well #2. These wells were drilled 
63, 68.5 and 68 ft, respectively, without hitting rock. Yield tests on 
two of these wells produced 350 gpm and 340 gpm. A four-day test 
on the third well produced 427 gpm with a drawdown of 8.5 ft. 

It was then decided to try a well in this same general area, but 
on the north side of the pipe line. Water was encountered about four 
feet from ground level. Drilling was carried to 58 ft. The casing was 
withdrawn to 47 ft and a four-day test was run, during which 523 gpm 
were pumped with a drawdown of 5.5 ft. 

Considerable difficulty was experienced in obtaining a right of 
way into the well site and in obtaining a small piece of property. 
There were several differences of opinion between the two property 
owners and the city. Finally, after the city compromised by agreeing 
to pay a substantial sum of money, the right of way and the piece of 
property were obtained. 

A 12-inch well was decided upon and the Stephen B. Church Co. 
of Seymour, Conn., was the successful bidder for installing the well. 

Samples taken from the 8-inch test well indicated gravel and some 
coarse material down to about 30 ft. Drilling in this material was not 
difficult. From the 30-foot depth to the 58-foot depth drilling was 
slightly more difficult. 

To install the 12-inch well the contractor started with a 48-inch 
casing, which was carried down 25 ft. There was gravel, certainly, 
but mixed with this gravel there were numerous cobbles. Several of 
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these cobbles were as much as 15 in. in diameter and, of course, they 
persisted in being under the rim of the casing. 

At the 25-foot depth the casing was reduced to 36 in. The 36-inch 
casing was driven to 32 ft, where hardpan was encountered. In order 
to determine the thickness of this layer of hardpan, a 10-inch casing 
was then used. This casing was driven to the 60-foot level and rock. 
There is about a one-foot layer of water-bearing material just above 
the rock. 

The finished well consists of a 12-inch casing with a 10-foot long, 
80-mesh Johnson well screen, set with its lower end at the 32.5-foot 
level. The 10-inch hole through the hardpan was filled with coarse 
gravel as the 10-inch casing was withdrawn. As the 36-inch and 48-inch 
casings were withdrawn, coarse gravel was allowed to settle around 
the screen and part-way up the 12-inch casing. About 12 cu yd of 
gravel were used. 

Development consisted of alternate surging and pumping. Very 
little sand was pumped. 

Following development a 72-hour yield test was conducted. The 
pumping rate for the first 60 hours was 1.050 gpm and the drawdown 
was 8-2". The rate was then increased to 1,250 gpm and continued 
at that rate for the remaining 12 hours. The maximum drawdown was 
10-2”. 

Thirty minutes after pumping had stopped the water level was 
3-7" from the original water level. Twenty-four hours later the water 
level was 0’-9”. The second day after the test the water level was back 
to normal. 

No observation wells were available for a study of the water 
table. Readings were taken, however, in the brook about 100 ft away 
and in a small ice pond about 700 ft distant from the well. No lower- 
ing of the water level was observed in either case. 

A concrete and brick pumping station has been erected, but the 
pumping equipment has not yet been installed. The starting require- 
ments are very strict, necessitating the use of a slip-ring motor, with 
starting current limited to 150%. It is also necessary to install 1,500 
ft of underground cable. 

The equipment is to consist of a deep-well pump of 900-gpm 
capacity, driven by a 75-hp motor. Control is to be automatic, consist- 
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ing of a time switch and safety device. Output is to be measured by 
a Propello-type meter. 

The building has been made large enough so that chlorinating 
apparatus may be installed if ever needed. 

In order to take advantage of this supply this past fall, a pump 
unit was rented and connected to the well. This unit consisted of a 
centrifugal pump, driven by a 4-cylinder Diesel engine and mounted 
on one base. For approximately three months 1 mgd were pumped 
from this source. The discharge pressure was about 85 lb. The vacuum 
gage on the suction registered 15 in. at the beginning and reached a 
maximum of 22 in. 

Water was discharged into one of the 20-inch pipes of the Wolcott 
pipe line, while the other 20-inch pipe was carrying water from the 
Wolcott reservoir. 

We do not expect this well to produce 900 gpm throughout the 
year. Operation at the beginning will be confined to the dry portion 
of the year. Observation wells will be installed and a study of the 
water-table levels will be made. 


We are fully aware of the deplorable conditions existing in 


certain sections of the country, due to overpumping, with no regard 
to the replenishment factor. For our own protection, as well as for 
the benefit of others, we intend to follow this procedure. 

At White Bridge no trouble has been experienced with the quality 
of the water, in spite of the fact that there are several farms on the 
drainage area and also a housing project. No trouble is expected in 
the Patton Brook area. 

The table on page 157 gives the characteristics of the water from 
White Bridge and from Patton Brook. The analysis of the White 
Bridge water was made on October 11, 1949, 114 days after the pumps 
at White Bridge were put into operation. 

The water consumption of the city for the years 1926 to 1949, 
inclusive, is shown graphically in Figure 4. 

In this paper the writer has tried to give a clear picture of the 
water supply system of the city of New Britain—particularly the 
ground water supply. No one individual can be given the credit for 
developing our system. It is the composite result of the thinking, 
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White Bridge Patton Brook 

Color 5 3 
Odor 0 0 
Turbidity 0 0 
Nitrites 0.001 0 
Nitrates 0.60 1.50 
Ammonia 0.04 
Albuminoid 0.024 0.032 
Chlorides as Cl 4.6 4.6 
Normal chloride 1.9 2.0 
Hydrogen-ion concentration 6.4 7.1 
Alkalinity as CaCO, 19 51 
Total hardness as CaCO, 42 74 
Iron as Fe 0 


and of putting into practice the thoughts, of people too numerous to 
mention. 


DISCUSSION 


Francis H. KincssBury (Boston, Mass.). I think Mr. Wood 
mentioned an installation where he apparently siphoned over from a 
group of tubular wells into a large well. Is there any tendency, during 
the non-pumping period, to lose any water into the surrounding 
ground? 

Mr. Woop. From measurements we took a number of years ago 
when no pumping was being done, the level of the water in the caisson 
and the water level outside the caisson were just the same. They 
remained the same when no puniping was being done. As soon as 
pumping starts, that comes right up and approaches the level of the 
ground-water table. I might say, while we have been pumping in the 
last month and a half from one pump, we were not using the Upper 
White Bridge well system and 3 to 5 mil gal of water were going 
down the brook past the station, that we could not utilize. 

ArTHuR L. SHAW (Boston, Mass.). There is one feature that 
Mr. Wood did not mention, which I should like to ask about. He did 
speak of the small, 2- or 24-inch tubular wells in the Upper White 
Bridge development. I believe those wells were somewhat novel and 
they are of the so-called Moretrench type, which is a construction 
type of well, not usually thought of for a permanent installation. I 
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should like to ask Mr. Wood if he has had occasion to pull any of 
those wells, to see how they are standing up. 

Mr. Woop. We have not pulled any of them. We have back- 
washed them. We have a Moretrench unit, which we have used to 
clean out these 20-inch wells, and also backwash these well points. 
We have not pulled out any, to know what condition they are in. I 
might say that Mr. Shaw did some work for us. 
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WATER METERS 
BY JAMES A. SWEENEY* 


[Read at Superintendents’ Round Table, March 16, 1950.) 


THE water meter is the cash register of any water department. 
There are also other reasons for its use. First, it tells us how much 
water is pumped into the distribution system at the pumping stations. 
Secondly, it is used ‘to measure and record accurately the passage of 
water through the distribution lines and to record the customers’ use, 
to enable us to render bills and to reduce waste. It also enables us 
to compare our pumping records with consumption and to arrive at a 
figure for “unaccounted-for water.” 

Many types and kinds of meters are made and used, and each 
type is designed for a special service, as disc, current, Venturi, etc. 
Departments may use certain makes of meters for any of the following 
reasons: the internal construction, the metal, or the very fine machine 
work, and also for the time required to make repairs. 


Meters 


The Manchester Water Works has at the present time eight 
different kinds of meters, with a total of 13,500 in service. We are 
gradually reducing the number of kinds by eliminating some obsolete 
makes and looking forward to the time when we shall utilize not more 
than two kinds for general domestic use. In this way we could keep 
a larger stock of repair parts on hand and less repair equipment. 

All new meters are tested when delivered and separate cards are 
made out, showing serial number, kind, size, date purchased and 
price, together with the test report. The history of each meter is added 
to this card, being taken from order cards turned in by the workmen. 
Installation 

Some study must be given to arrive at a correct size and kind of 
meter to be installed in a service, in order that the meter may not be 
over- or under-sized. This, of course, applies more to commercial or 


*Assistant Superi d Water Works, 287 Franklin St., Manchester, N. H. 
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industrial use than to an average residence. Normally a 54-inch meter 
will give satisfactory service to the average home. However, some 
of the newer houses, using flush-valves instead of a tank-type closet, 
must have a larger service and meter. In this event it is our policy 
to charge the owner of the residence the difference in cost of service 
material, plus the cost of a meter that is larger than average house size. 
The modern method of piping at Manchester is for the service 
pipe inside the basement to run vertically and hang to the under side 
of the floor joists. This allows easy accessibility for making quick 
replacements and repairs and is an advantage to the Water Works as 
well as to the householder. A great deal of the future cost of main- 
tenance of meters on the premises will depend on how the original 
installation is made. We require the owner to furnish a Copperhorn 
to hold the meter, which is installed about 2'4 ft above the floor in 
the vertical line, with a stop valve on both sides. Copperhorns are 
also required on all relaid services. Our experience since 1933, after 
using more than 3,500 of these horns, has resulted in more accurate 
and faster meter reading, as well as greater facility in changing meters 
and making minor repairs on the premises. We all remember the old 
method of setting the meter below the cellar floor and protecting it 
with a wooden box, which was often used for a step to a shelf above 
the meter. After some years the box would deteriorate and we have 
known of injuries to persons caused by this “step.” Also, I have 
known the box to be used as a hiding place for “‘bootleg liquor.” 


Maintenance 


In order to maintain the income received at the time of the 
original installation, it is necessary to set up a meter service depart- 
ment. Our repair equipment consists of the following: Clark Tester 
with Testrate indicator, tank and scales, suitable to test three 5¢-inch, 
or two 3%4- and one 1-inch, and one 1'%- and one 2-inch sizes; one 
electric buffer for cleaning external parts of the meter, and one electric 
drill press, together with storage bins for meters and parts. We also 
have a 3-inch portable test meter for testing large meters in place. 

Some years ago we established a schedule to remove, test and 
overhaul 10% of our meters each year. I must admit we have never 
quite accomplished this. In the past, too little thought has been given 
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to the average meter-repair space and equipment in the majority of 
water departments. We are in the process of having a new office, 
garage and storage building, and are planning a good-sized meter room 
in the office building. We intend to equip this shop with modern facil- 
ities for repairing and testing, and are looking forward to this new 
construction this year. I feel the meter-repair shop should be large 
enough to hold all necessary equipment and facilities for cleaning, 
repairing and refinishing meters, together with adequate space for 
parts; in other words, a place to be proud to show our customers. 

During the winter months we add one meter crew of two men to 
our regular work, but we are seldom able to keep them on regularly, 
because our severe winters cause service pipes to freeze and heavy 
snow-storms keep our whole crew busy fighting the elements, instead 
of removing meters for test. 

The majority of our meter-repair work, such as stopped meters 
and spindle and coupling leaks, is reported by the meter readers. 
We find the majority of our stopped meters due to tuberculation or 
rust loosened from the mains or service; spindle leaks usually due to 
worn packing or the spindle itself, and coupling leaks due to deterio- 
rated gaskets. 

All meters that are removed because of age, or for other reasons, 
go through a series of tests as follows: 8, 3-2, 1 and 4 gpm. The 
report is then transferred to the “history” card. After a meter is 
repaired, the date is stamped on the inside of the cover for future 
reference and each meter is given a coat of bronze before leaving the 
shop. 

Each year we have some meters damaged by the backing of hot 
water through the meter, due to the high water temperature’s causing 
an increased pressure, greater than the city pressure. This, of course, 
means that either there was no relief valve, or it was improperly 
installed. Unless this increased pressure could get back into the main, 
very serious damage could be caused to the building and the occupants. 
In each case we notify the owner and send a bill for repairs. We call 
his attention to how serious this could be and request the owner to 
remedy this condition at once. A copy of this letter is also sent to 
the City Plumbing Inspector, in order that he may make an inspection 
and see that such conditions are corrected. In two places we have 
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installed meters with a special hot-water disc to overcome hot-water 
damage, and thus far they have proved very satisfactory, so far as 
damage to the meter is concerned. 

Billing 

With the exception of about 90 industrial customers, all of our 
meters are billed on a quarterly basis. The industrial meters are read 
and billed monthly, being allowed one third of the quarterly sliding 
scale. Our rates are as follows: 

For the first 90,000 cubic feet per quarter @ 12¢ per 100; for 
the next 180,000 cubic feet per quarter @ 9¢ per 100; for all over 
270,000 cubic feet per quarter @ 6¢ per 100; minimum bill $2.40 
per quarter. 

No attempt has been made to go into technicalities in this paper, 
but simply to show the overall picture as it looks to us in Manchester. 
I hope discussion by the members may bring out some things about 
meters that I have not mentioned, such as: , 

Carrying meters in trucks in below-freezing temperature; 


Use of cleaning solution; 

Use of cleaning equipment (sand or abrasive blast method); 
Sanitation in meter shop; 

Use of paper shims versus new balls; 

Compound meters versus disc meters in parallel. 
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HOW GOOD IS NEW ENGLAND AS A LOCATION FOR 
MANUFACTURING? 
BY ARTHUR A. BRIGHT, JR.* 
[Read March 16, 1950.] 


I AM going to answer the question, “How good is New England 
as a location for manufacturing?”, by telling you what New England 
manufacturers themselves think about it. The opinions that I shall 
relay to you were reported to us in a survey completed last fall by 
the Federal Reserve Bank of Boston with the codperation of the New 
England Council. We heard from 663 New England manufacturers, 
who employ more than 20% of all factory employees in the region. 

Before I tell you what the manufacturers reported to us about 
their success in New England and about their prospects for the future, 
I should explain why we conducted the survey and what we were 
trying to discover. 

Last summer we were concerned by what the current economic 
measures for New England were showing. In the non-manufacturing 
area, New England was performing as well as, or better than, the 
United States as a whole. But in manufacturing and related activities 
the picture was quite different. Manufacturing employment had de- 
clined more in New England than in the rest of the country during 
the preceding months. Freight carloadings were down more. 
Unemployment insurance claims had increased far more. 

Manufacturing is of greater importance to New England than to 
any other region of the country, particularly in the three southern 
states of Massachusetts, Connecticut and Rhode Island. The jobs and 
income of more than two-thirds of the region’s inhabitants depend 
directly or indirectly upon the factories. 

With these facts in mind, we undertook to survey the opinions 
of manufacturers in the region about their present position and future 
prospects. We felt that their forecasts and evaluations would be of 
great significance in appraising the strengths and weaknesses of New 


*Industrial Economist, Federal Reserve Bank of Boston, 30 Pearl St., Boston, Mass. 
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England. For one thing, manufacturing executives are the men who 
can best judge the conditions under which they operate. For another, 
their policies and actions control or materially affect the income of 
the majority of New England’s citizens and the probable trends in its 
manufacturing activities. 

We had four principal questions about which we wished to obtain 
information: 

1. How well did New England manufacturers maintain their 
sales during the first quarter of the year, in relation to those of their 
competitors outside the region? 

2. How can the differences in sales performance be explained? 

3. How well will New England manufacturers hold their com- 
petitive position in the moderate future? 

4. How do the present locations of New England manufacturers 
affect their competitive position? 

The first question was essentially, ““How well have we been doing 
recently in relation to manufacturers outside New England?” Almost 
three-fourths of the companies which reported to us believed that their 
sales performance during the first quarter of 1949 had equalled or sur- 
passed that of their industry. Less than one-tenth felt that their sales 
performance compared unfavorably with that of their industry, though 
one-sixth admitted that they did not know how well they had done. 

If those claims were correct, three New England companies had 
surpassed their industry in first-quarter sales for every company that 
had fallen behind. If those claims were correct, we should have little 
cause for concern about the ability of New England manufacturers 
to hold up against competition outside the region. Unfortunately, we 
found that the region’s manufacturers were over-confident about their 
sales success. For the country as a whole, manufacturers’ sales were 
only 142% lower in the first quarter of 1949 than they had been in 
the first quarter of 1948. For New England there was a 9% decline 
in manufacturers’ sales. 

Unless manufacturers know how they are doing in relation to 
their industry as a whole, they cannot measure their own performance 
accurately. We found that less than one-third of New England’s 
manufacturers possess current sales statistics for their industry; only 
10% have data on new orders received by their industry. It appears 
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tnat there is a strong temptation for companies to feel that they are 
doing as well as their competitors when they have no precise statistical 
information to the contrary. 

Our second principal problem was to account for the claimed dif- 
ferences in sales success of New England manufacturers. We asked 
the participating companies for their own explanations for these dif- 
ferences. The companies which asserted that their first-quarter sales 
performance had surpassed that of their industry accounted for their 
superiority primarily in terms of market advantages, product advan- 
tages, and superior sales methods and organization. Very few of the 
companies accounted for their success in terms of price or cost 
advantages. 

The companies which admitted poorer than average sales per- 
formance during the first quarter of 1949 stated that unfavorable 
market conditions were the single most important factor in their lack 
of success. They gave very great importance, however, to price and 
cost disadvantages. Difficulties with costs and prices were particularly 
outstanding among the producers of non-durables, which include, of 
course, manufacturers of textiles and shoes. 

From these reports we reached the following conclusions: 

1. Cost and price disadvantages are serious for a sizable number 
of New England manufacturers who are not keeping up with their 
industries. 

2. Very few manufacturers in New England are able to outstrip 
their competitors outside the region by virtue of their lower costs and 
prices. 

3. It is not absolutely necessary for a New England manu- 
facturer to have cost and price advantages to compete successfully 
with outside producers. A favorable price-quality relationship may be 
more important to better sales performance than low prices alone. 
The formula for success in this region seems to be about as follows: 
build a better product adapted to the current needs of the market; 
establish favorable relations with customers and potential customers, 
and then sell the product aggressively. 

The third major problem was, “How well will New England 
manufacturers hold their competitive position in the moderate future?” 
In general, New England manufacturers are fairly optimistic about 
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their ability to keep up with competitors outside the region. Eighty 
per cent of the companies expect their competitive position to remain 
the same or to become stronger during the next five years. The 
companies which expect to improve their position outnumber almost 
two to one those forecasting a weaker competitive standing. Optimism 
is highest in Connecticut, where the ratio between optimists and 
pessimists is more than four to one. 

Since most manufacturers might be expected to be optimistic 
about their own future, the ratio of 1.4-1.7:1 between optimists and 
pessimists in five of the six New England states is cause for some 
concern. This is especially true since manufacturers as a whole are 
less optimistic about the future of their industry in New England than 
about their own future. As you might expect, the lack of optimism 
showed up most strongly in the textile and shoe industries. 

The fourth principal problem was the evaluation of New England 
as a location for manufacturing activity. Since this topic provides the 
title for my talk, I shall devote the rest of my time to it. 

The competitive advantages and disadvantages provided by New 
England are inevitably of tremendous importance in explaining the 
past success or lack of success of many of its manufacturers and their 
ability or inability to keep up with competitors located in other parts 
of the country in the future. 

We found that, in the opinions of the 663 manufacturers, the 
advantages of their location in New England outnumber the dis- 
advantages by two to one. 

Here are the things that manufacturers like most about their 
present locations, in so far as they affect their competitive position 
in relation to producers outside the region: 


Water supply, 
Adequacy and dependability of electric power, 
Attitude of the community, 

Local living conditions, 

Availability of labor force of suitable skills, 
Character of the labor force, 

Efficiency of machinery, and 

Relations with labor. 
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The region offers some lesser advantages, in the opinion of its 
manufacturers, in climate, financial and distribution facilities, and 
plant sites and buildings. By far the most important location factor 
for New England, however, is the availability of a large skilled-labor 
force of high productivity and good character. This evaluation does 
not apply equally to every industry, of course. It is highest in the 
metalworking trades and lowest in the textile and shoe industries. 

In the middle of the ranking we found such factors as location 
with respect to raw materials, wage rates, and location with respect 
to markets. About as many manufacturers consider each of these to 
be competitive advantages as feel they are competitive disadvantages. 
Accordingly, they are neutral factors for New England. 

At the other end of the list there are five location factors which 
New England manufacturers as a whole, and Massachusetts manu- 
facturers in particular, consider to be important, net competitive 
disadvantages. They are state and local taxes, non-tax laws affecting 
manufacturing activity, cost of fuels, cost of electric power, and cost 
of transportation. 

What is the significance of these findings about locational 
advantages and disadvantages? Their significance rests on the dis- 
tinction between those factors which are exclusively or primarily the 
product of our geographical location or natural resources and those 
which are man-made. If the geographical factors do not provide pro- 
ducers in New England with advantages over their competitors outside 
the region, and if manufacturing is to prosper, our manufacturers and 
communities must provide their own advantages. 

Unfortunately, New England manufacturers see little net advan- 
tage in their geographical location, though as a whole they do not 
believe that it is an important competitive disadvantage. The advan- 
tages of fine water supplies, climate, and location with respect to 
foreign raw materials are offset by the disadvantages of power, trans- 
portation and fuel costs. Though influenced by man, these three items 
seem to depend fundamentally upon our lack of industrial fuel re- 
sources and upon our geographical position. Each is cited as an 
important competitive disadvantage by one-fourth to one-third of all 
companies. The other factors which depend primarily on geography 
are essentially neutral in their effect upon competitive position. 
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The degree of satisfaction with the natural location factors 
decreases from south to north. Producers in Connecticut and Rhode 
Island claim a net advantage from their location. In the northern states 
nature puts manufacturers at a competitive disadvantage, according 
to their reports. 

With geography at best a neutral factor in the industrial future 
of New England, the location factors of man’s own making take on 
great significance. We can be well satisfied with community attitudes 
and local living conditions, which are rated high throughout New 
England. We can also be pleased with the availability of the large 
skilled-labor force of high character throughout the region and the 
relations between labor and management. According to the responding 
manufacturers, the region has also done a good job in keeping its 
machinery and equipment up to date and competitive, though I have 
a feeling that there may be some wishful thinking in this connection 
by many manufacturers. 

There are several other man-made factors, however, where New 
England must improve its position, if it is to retain its eminence as 
a leading manufacturing region. Even if plant buildings rank as a net 
advantage to New England producers as a whole, there is a sizable 
minority of 14% of the responding companies which assert that their 
buildings constitute an important competitive disadvantage. 

Wage rates are cited as an important advantage by one-fourth 
of the companies and as an important disadvantage by one-fourth 
of the companies. The rest say that the wage rates they pay do not 
affect their competitive position in any fashion. 

The most striking man-made competitive disadvantages, as seen 
by the responding companies, are the non-tax laws affecting manufac- 
turing operations and the level of state and local taxes. These were the 
only two man-made factors for which more companies reported 
disadvantages than reported advantages. The discontent was particu- 
larly noticeable in relation to taxes, where 42% of all companies 
reported that the taxes they pay to their state and local governments 
constitute an important competitive disadvantage in relation to 
producers outside the region. Since taxes are reported to be the 
most important factor considered by manufacturers in choosing loca- 
tions, this is a very serious situation. The complaints cannot be 
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dismissed as just “griping,” since the opinions varied so much from 
state to state. The most dissatisfaction was voiced in Massachusetts, 
Rhode Island and New Hampshire. On the other hand, manufacturers 
in Connecticut and Vermont indicated that their state and local taxes 
constituted a net competitive advantage in relation to producers 
outside the region. 

The significance of the ratios between advantages and disad- 
vantages about which I have been talking is further emphasized by 
a comparison between these ratios and the increases in manufacturing 
employment during the last few years. The New England states with 
the highest advantage ratios showed the greatest employment gains 
from 1939 to 1947. Those with the lowest ratios showed the smallest 
gains in employment. Connecticut and Vermont head each list. 
New Hampshire and Massachusetts are in the middle. Maine and 
Rhode Island trail. The only New England states in which the gains 
in manufacturing employment from 1939 to 1947 kept close to the 
nationwide increase were Connecticut and Vermont. 

To bring together our discussion of both the natural and man- 
made location factors, I shall list in order the location factors cited 
as disadvantages by the largest proportions of manufacturers, without 
relation to the number of other manufacturers who cited the same 
factors as advantages. These are the areas in which the region must 
concentrate its collective efforts: 


State and local taxes—42% 
Cost of transportation—34% 

Location with respect to markets—27% 

Cost of electric power—24% 

Cost of industrial fuels—24% 

Wage rates—23% 

State and local non-tax laws—21% 

Location with respect to domestic raw materials—19% 
Plant buildings—15% 

Plant sites—14% 


It seems to me that within the last year the region as a whole has 
awakened to its difficulties and problems to a greater extent than 
ever before. More things are being done to remedy the disadvantages 
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and to exploit the advantages. Action has originated from many 
sources: from individual industries, from communities, from state 
governments, from banking groups, and from many other sources. 
I can only suggest a few recent approaches to the problem of increasing 
the area’s attractiveness to manufacturing industry. 

State and local taxes, as the most outstanding disadvantage, 
deserve first mention. The State of Massachusetts has had 18 separate 
special legislative commissions over the years to study tax problems. 
The eighteenth, which is now conducting its investigations, is the first 
one to pay much attention to the impact of taxation upon manufactur- 
ing. For the first time, it is studying comparative tax burdens in terms 
of individual manufacturing establishments. I think that its findings 
will be highly significant and will provide a basis for the legislature 
to modify existing legislation as needed, to make Massachusetts more 
attractive to present and prospective manufacturers. 

The State of New Hampshire has also initiated a rather intensive 
study of the environment which it offers to manufacturing concerns. 
Considerable attention is being given to taxation. Rhode Island, the 
third state in which tax complaints are outstanding, has also recently 
awakened to the nature of its problem and is currently trying to find 
the answer. 

Cost of transportation is the second most frequently cited disad- 
vantage. There is little that we can do about our distance from sources 
of raw materials and markets, but we can adapt our manufacturing 
processes to the materials most readily available and to the markets 
most economically reached. The most outstanding example of New 
England’s attempt to better its position with respect to these location 
factors is the promotion of an integrated New England steel mill, 
to provide flat-rolled steel products to local metal-working producers 
at considerably lower prices than are presently paid for steel coming 
in from outside the region. Such a mill would permit many of the 
metal fabricators to remain here and expand their business, where 
otherwise it might prove necessary for them to transfer their operations 
to another part of the country, in order to remain competitive. This 
is the real significance of the steel-mill movement, not just the addition 
of 4,000 or 5,000 jobs in the steel mill itself. Ten times that number 
of jobs are at stake in the fabricating plants. 
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Cost of electric power is another item cited by a large number 
of manufacturers as a competitive disadvantage. It is true that power 
costs usually amount to only 1 to 2% of total manufacturing costs 
and that small differentials will not seriously handicap most concerns. 
Nevertheless, it is a cost item very important to some producers, 
and any general reduction in power rates would improve the region’s 
competitive position as a whole. Many private utilities are doing 
what they can to lower power costs, by installing new and more efficient 
generating and distribution equipment. Some persons are approaching 
the problem by working for increased public power in New England, 
either through the greater use of New England’s own hydro-electric 
power potentialities or through exploitation of the St. Lawrence and 
Passamaquoddy possibilities. I shall not today take sides in the private 
power vs. public power controversy. 

Cost of fuel is another of our important disadvantages. One 
approach to that problem is the plan to introduce natural gas to 
most major New England cities during the next few years. This and 
other similar actions to reduce the cost of transporting fuels from 
their underground sources to New England can reduce the cost dif- 
ferentials between this region and other parts of the country. I suspect, 
however, that until atomic energy becomes commercially feasible as 
a source of power and heat, we can never bring those cost differentials 
to a point where they are no longer important. 

I shall skip over a few of the other disadvantages, where there 
is also ameliorative action underway, and just say a few words about 
the problem of plant buildings. New England has become increasingly 
aware in the last two or three years that floor space in itself is not 


‘enough. It must offer modern factory buildings, if it is to compete with 


other areas. The industrial foundation device, where private financial 
assistance in a community aids existing or new manufacturers to 
obtain modern factory buildings, has become recognized as an ex- 
tremely useful device in solving the plant problem. It can take 
advantage of the favorable community attitude towards manufactur- 
ing which is prevalent throughout New England. It has been tried 
on a small scale in a few New England towns. Many more are currently 
expressing interest or organizing their efforts. 

Another recent approach, which is quite different, is the establish- 
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ment of the Maine Development Credit Corp. by a Maine banking 
group. It will be able to provide working capital and, to some extent, 
equity capital for new and expanding manufacturing enterprises in 
Maine. It has been set up only within the last few months and has 
generated tremendous interest throughout the rest of the country. 

I could go on and cite numerous additional approaches to the 
plant-building problem and to many other of New England’s problems. 
The important thing, however, is that they are being recognized and 
tackled all over New England, and that the action cannot help but 
improve the competitive position of our manufacturing economy. 
How great the progress will be depends on the wisdom, codperation 
and energy of all New Englanders. 
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WICKHAM HILL STORAGE RESERVOIRS 


A VARIATION IN THE DESIGN OF DISTRIBUTION STORAGE FACILITIES 
BY WILLIAM DORENBAUM* 


[Read March 16, 1950.} 


Prior to 1934, the town of East Hartford was entirely dependent 
for its water supply on three extremely small reservoirs, with a very 
large watershed area but a total storage of only 25 mil gal, so that the 
safe, or dependable, yield was not over 1.5 mgd. These reservoirs 
are located in the town of Glastonbury, at a very considerable distance 
from East Hartford, and connected to the distribution system of 
long lengths of small, unlined, cast-iron pipe lines—principally 
4 in. and 6 in. in diameter—by extremely long and old lines, no larger 
than 16-inch diameter, which are also unlined cast-iron'pipes. By 1934 
the population had grown to about 20,000; the average consumption 
had increased to 2.75 mgd, and conditions were serious, as evidenced 
by insufficient water, inadequate pressure and reduced flows in many 
locations. That year the town paid for a 10-inch steel pipe line across 
the Bulkeley Memorial Bridge connecting the Hartford system to 
the East Hartford lines through a specially designed regulating valve 
for automatically supplying make-up water to East Hartford, either 
in small quantities to keep up pressure or in larger quantities up to 
1.5 mgd at times of drought, low reservoir stage or extra heavy draft. 
The population, as well as consumption, continued to grow and con- 
ditions grew steadily worse. Finally, negotiations were started for 
their joining The Metropolitan District of Hartford County. After 
several years of study and planning, negotiations, etc., East Hartford 
became a member town of the District in January, 1941, by which 
time the consumption had increased to 3.75 mgd—considerably more 
than the safe yield of their reservoirs plus the 1.5 mgd available 
through the 10-inch steel line across the bridge. 

The Water Bureau of The Metropolitan District immediately 
started a rehabilitation program for the entire system, a program 


*Chief Designing Engineer, Water Bureau, The Metropolitan District of Hartford County, Hartford, Conn, 
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which took several years of work and cost about $500,000. The first 
work consisted of installing two 16-inch cast-iron pipes (temporary 
lines), one on each sidewalk of the bridge, connecting these by means 
of a long, 20-inch concrete line to the distribution system at the 
center of the town and extending the system to the east by some 12-inch 
and 16-inch cast-iron lines; at the northerly end of the town, several 
12-inch and 16-inch cast-iron pipe lines were built. A pressure-regulat- 
ing system was installed, to permit the Hartford and East Hartford 
systems to work together, since the East Hartford reservoirs are 
50 to 100 ft lower than the West Hartford filtered-water basins—the 
distributing point for all filtered water. This system consisted of 
several pressure-regulating valves, located at strategic points. In 
1943 all services in the town were metered with the result that use 
and waste were reduced, and pressures and delivery conditions were 
improved. In 1944, the pressure-regulating system was revamped by 
the addition of several other valves and by moving some of those 
originally installed, and pressures were thereby further improved. 

In 1945, the two temporary bridge lines were replaced by one 
10-inch steel line under the road and one 16-inch cast-iron line under 
the south sidewalk, and during the following few years additional 
12-inch and 16-inch cast-iron lines were installed in the critical loca- 
tions. Thus the supply was continually increased and the area served 
was extended. In 1948, a half-mile of 16-inch and 24-inch cast-iron 
pipe line was built to the site for the Wickham Hill storage reservoirs. 
This site was acquired in 1945 for just that purpose. It consists of a 
large parcel of land in the northeast corner of the town, the highest 
ground in the town and the only ground sufficiently elevated to be suit- 
able for underground storage. The accompanying map (Fig. 1) shows 
the relative locations of the major structures and principal transmission 
mains and pipe lines. 

During the year 1949, the consumption of East Hartford averaged 
6.0 mgd, of which 3.4 mgd were used by the Pratt and Whitney 
Aircraft plant, the largest single water consumer in the District. The 
6.0 mgd consisted of 4.7 mgd of filtered water from Hartford and 
1.3 mgd of chlorinated water from the East Hartford reservoirs. 
The town now has a population of about 32,000, of which about 25,000 
use District water. It is, therefore, obvious that the storage reservoirs 
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under construction now will be very important and useful in properly 
serving East Hartford. At some future time it is expected that the 
entire town will be served with filtered water and the East Hartford 
reservoirs held in reserve, as are the old West Hartford reservoirs, 
for emergency use only. Then these Wickham Hill storage reservoirs 
will be even more valuable. 

The study of the problem of the need for storage in the distribu- 
tion system generally resulted in the decision to include 4% mil gal 
of underground storage, in the town of East Hartford, which at that 
time was the equivalent of approximately one day’s supply for the 
town. Preliminary studies for the optimum vertical location for this 
storage indicated the need for a range of at least 50 ft, the bottom to 
be set at such an elevation as would provide a reasonable amount of 
emergency storage and the top at the highest possible elevation, to 
provide the greatest improvement in pressures and extend gravity 
service to higher areas, under conditions of sustained minimum draft. 
The bottom elevation was set tentatively at elevation 232.5, resulting 
in the top at elevation 282.5, referred to mean sea level. However, 
further study of drafts and their frequency of occurrence during 1946, 
and their effect on maintaining tentative reservoir elevations, showed 
that District drafts of 19 to 23 mgd would tend to overflow between 
elevations 282.5 and 277.5—these drafts occurring about 27 days 
during 1946. It was apparent that the top 5 ft of this storage would 
be useful for less than one month during the year and, consequently, 
very expensive. Therefore, the decision was to build 45 ft of storage, 
and the hydraulic studies were summarized and reduced to diagram- 
matic form as shown on the accompanying chart (Fig. 2), which, in 
brief, shows the relation between daily drafts, occurrence during the 
year and the corresponding reservoir elevations. The reservoir eleva- 
tions were plotted against drafts, showing upper and lower limits, 
drawn on the basis of 100,000 gal per foot of depth of storage capacity. 
Plotted also were the 1946 upper and lower limits of reservoir eleva- 
tions corresponding to time, the basis being the number of days 
occurrence of the various drafts in 2-mgd increments. It is apparent 
from these curves that, with the normal growth in consumption and 
the tendency for the maximum to increase, the top elevation of use- 
fulness is naturally lowered and, consequently, the overflow level 
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was definitely set at elevation 277.5 (no overflow for 23-mgd draft), 
with the result that the bottom was fixed at elevation 232.5. With 
the quantity fixed at 42 mil gal and the vertical locations set at the 
45-foot range between elevations 232.5 and 277.5, the next step was 
the consideration of type of structure, because of the realization that 
a more-than-normal depth for underground storage was involved. 

The following basic facts relative to the hydraulic studies as 
diagrammed on the accompanying chart may be found of interest 
and value. The upper and lower limits of storage on the basis of daily 
drafts were determined from the actual distribution of rates for 
the minimum daily draft of 20.5 mil gal on April 9, 1944, for the 
maximum daily draft of 36.7 mil gal on July 10, 1944, and for an 
expected “near future” maximum of 45 mgd distributed proportionately 
to the actual maximum-day drafts, with about 16% for East Hartford. 
Incidentally, on June 21, 1949, due to extremely dry and hot weather 
and need for considerable sprinkling and irrigation of crops, a maximum 
draft of filtered water of 43.5 mgd was recorded, which would have 
theoretically emptied the reservoir. 

It is evident from the curves that normally a very substantial, 
emergency reserve storage would be available, which the normal 
growth in demand would lower. However, normal transmission-main 
and distribution-pipe-line improvements in step with draft increases 
would maintain the storage reservoir in fully operative condition, as 
was contemplated in the studies and basic design. This chart shows 
the variations in draft during 1946, when the range was 19.9 to 40.6 
mgd and the records show rates of draft ranging from about 11 to 55 
mgd of filtered water. East Hartford’s share of about 16% was sup- 
plemented with about 1 to 2 mgd of chlorinated water from their 
original reservoirs. To simplify the complex computations, due to the 
several variable factors in the problem, the water surface in the 
filtered-water basins was assumed at elevation 292.5 (overflow level). 
Naturally, the use of such curves for practical purposes must take into 
account the actual condition of the filtered-water basins for the period 
under consideration. With the completion of the proposed 10 mil gal 
storage at the Cedar Mountain site in Hartford, for which the excava- 
tion and foundation work are now underway, and with the additional 
filter beds to be built in the very near future, the trend will be to iron 
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out the extreme ranges in rates of draft and towards a more uniform 
rate of filtering and more uniformly full filtered-water basins, with 
consequent improvement in the operation of the Wickham Hill storage 
reservoirs. 

The 1946 upper- and lower-limit curves of reservoir elevation 
vs. time were based on the plotted points of recorded daily drafts, 
taken in 2-mgd increments. These show that the reservoirs would be 
in use as follows:—the upper reservoir alone about 10 months, the 
two reservoirs together less than 2 months and the lower one alone 
about 1 week. However, it may be inferred from the curves that, 
with the increase in draft, similar curves would tend to lower in the 
diagram, decreasing the time of use of the upper reservoir alone and 
increasing the use of the lower reservoir alone. It is believed, there- 
fore, that the reservoirs actually will be in use as follows:—the upper 
reservoir alone about 9 months, the two reservoirs together about 2% 
months, and the lower reservoir alone about 2 month. Any extensive 
improvements in the transmission- and distribution-piping systems, as 
delineated in part on the accompanying map, will vary the relative 
time periods as outlined. To have set the bottom of the reservoir 
any lower would have been an added expense not justified, because 
of the difficulty in drawing water into the system at that range, and 
would be of use only in very rare and unusual conditions in the system. 

It seemed very clear that one 45-foot reservoir would be very 
expensive and difficult to build and maintain. To keep a reservoir 
watertight with a 22'%4-foot head is difficult enough, but one with 
45-foot head would require much heavier walls and would be extremely 
difficult to repair in gase leaks did develop. Foundation loads would be 
heavier than is desirable on an earth foundation, such as found at 
Wickham Hill site. Also, the appearance of such a high structure 
was considered objectionable. The selected set-up of two equal-size 
reservoirs, each of 2%4-mil gal storage, lends itself automatically to 
easy periodic access to the interiors for inspection, cleaning and repair 
purposes, without affecting pressures and flows in the East Hartford 
distribution system, because of the wide range of normal elevation 
fluctuations, as shown on the diagrams previously mentioned. 

Now the problem of selecting the most economical location for 
the two reservoirs on the District land was tackled. About 24 test pits 
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were dug, to determine the soil-classification and foundation conditions 
which would influence the structural design. Since neither rock nor 
ground water were encountered, the matter of location was reduced 
to the simple task of computing the comparative costs in various loca- 
tions, together with consideration of the desirability of keeping the 
two reservoirs well separated, for safety’s sake. The location finally 
selected was one where the cuts and fills of the earthwork balanced, 
with the two reservoirs spaced about 200 ft apart, located on a hardpan 
foundation of a fairly uniform nature. A brief, general description 
of the reservoirs follows. 

As may be noted in complete detail on the accompanying drawing 
(Fig. 3), the storage reservoirs consist of two similar earth-covered, 
reinforced-concrete structures, each 117.0 ft square and 23.25 ft deep, 
inside dimensions. Each has a capacity of 2% mil gal at overflow level 
(22.5 ft maximum depth of water), making a total capacity of 4% 
mil gal, with an overall total depth of water of 45.0 ft, the overflow of 
the lower reservoir being at the same level as the floor of the upper 
reservoir. 

The reservoir structures are of higher-strength concrete than has 
usually been specified by The Water Bureau in the past. This is 
partially to reduce the amount of concrete required, but its primary 
purpose is to secure a high-quality, dense concrete, that will be as 
nearly watertight as is practicable to obtain. Leakage is further re- 
duced by installing copper water-stops, “pleated” to allow expansion 
and contraction in all construction joints, and by specifying an order 
of sequence for pouring the concrete sections, to reduce the construc- 
tion-joint openings due to the initial shrinkage of newly-poured 
concrete. 

The roofs are 9!4-in. thick, of so-called “flat-slab” construction, 
reinforced two ways, to carry 2.75 ft of earth, which is used primarily 
as insulation, and capable of carrying also the load of a “pick-up” 
truck, the unit normally used for inspection and light maintenance 
operations. The walls are 24 in. thick, reinforced to carry earth loads, 
water loads, or both simultaneously. This thickness is deliberately 
somewhat greater than structural conditions require, in order to reduce, 
if not eliminate entirely, leakage through the walls. The columns are 
24 in. in diameter, normally spaced 17.5 ft center to center, reinforced 
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to carry the roof loads. The floors are 13% in. thick, of flat-slab 
construction, reinforced two ways, to distribute wall, column and 
water loads uniformly over the earth foundation and thus keep foun- 
dation loads within the requirements of the East Hartford building 
code. The various component parts—floor, wall, column and roof— 
were considered together as a rigid frame in the design analyses, to 
effect a structure of ample strength with reasonable factors of safety. 

Since the earth foundation material contains clay and may thus 
become soft, if allowed to become water-soaked, a heavy membrane 
waterproofing is required between a 4-inch plain concrete sub-floor, 
laid directly on the hardpan foundation, and the structural, reinforced- 
concrete floor slab, to prevent leakage directly into the foundation. 
As a supplementary protection, a tile-and-gravel base drain is placed 
at foundation level all around each reservoir. This drain serves to 
collect ground water or any seepage through the reservoir walls, and 
conduct it away from the foundation. Surface water from the tops of 
the reservoirs is collected and dropped through riser pipes into these 
base drains for rapid disposal. Cast-iron drains, controlled by gate 
valves, are located in each corner of both reservoirs, to permit empty- 
ing reservoirs for inspection, cleaning or repairs, and discharge into 
this same drainage system, access to which is available through deep 
manholes, built at each corner of both reservoirs. 

As has been previously stated, the overflow of the lower reservoir 
is at the same level as the floor of the upper reservoir and, since each 
reservoir has a maximum water depth of 22.5 ft, the result is the 
equivalent of 45.0 ft of storage for normal operation purposes of 
improving pressure and flow conditions and providing also some emer- 
gency storage. The higher overflow is set at 15.0 ft below the overflows 
of the filtered-water basins at the West Hartford filtration plant. This 
vertical range was selected as a result of very extensive pressure and 
flow studies of the hydraulics of the major and principal portions of 
the distribution system from the filters to the Wickham Hill reservoir 
site. The following major conclusions are emphasized :— 

(1) on only infrequent and low-consumption days will it be 
possible to fill the upper reservoir higher than the overflow level; 

(2) on only infrequent and high-consumption days will the upper 
reservoir be empty and the lower reservoir nearly so; 
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(3) in the course of normal variations in consumption, reservoir 
levels will vary from a narrow daily range in the upper portion of the 
upper reservoir during the winter, through a widening band in the 
upper reservoir during the spring and fall, to a band including the 
lower third of the upper reservoir and the upper two-thirds of the 
lower reservoir during the summer. 

To offset the tendency for the lower reservoir to overflow much 
of the time and the upper reservoir occasionally, automatic controls 
are to be provided, to shut off reservoir inflow at the proper and 
necessary times. This is to be accomplished by the installation of a 
motorized gate valve in the supply main to each reservoir. Thesc 
motorized gate valves are to be automatically controlled by sensitive 
pressure switches, which will cause the proper valve to close when a 
reservoir is full and to open when the line pressure drops to a pre- 
determined value. Should electric power be temporarily interrupted 
or should the electrical devices fail to function, overflow pipe lines 
have been provided, which are capable of carrying all the water which 
can enter the reservoirs above their capacities. These overflow lines 
will discharge on District land into a drainage channel, running through 
adjoining private property, and thence through a large culvert under 
the Wilbur Cross Highway. Drainage rights for this purpose were 
obtained from the property owner and the State Highway Department. 

From the same gage lines that are to transmit reservoir pressure 
to the pressure switches for automatic control purposes, pressure will 
be supplied to automatic water-level recorders. To obtain the desired 
accuracy, without making the foundations of the control houses too 
deep and expensive, a mercury-operated gage with float type of re- 
corder was specially designed by the Builders-Providence, Inc. These 
recorders are to be located in the control houses with the motorized 
gate valves and the automatic control equipment. Thus all control and 
recording equipment will be kept easily accessible, and checking and 
adjustments will be facilitated. These control houses are small brick 
chambers on plain concrete foundations and are 7.0 ft square inside. 
Insulation is provided so that a small amount of electricity will protect 
the pipe lines, valves, etc., against freezing during the winter months. 

As the hydraulic studies progressed, it became apparent that the 
lower reservoir would remain full of water without circulation for 
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extended periods of time. This raised the question as to the effect of 
this stagnation on water quality. Extended model tests, which were run 
at the West Hartford filtration plant, simulating the concrete reservoir 
and its operation, showed that the pH and alkalinity increased very 
rapidly. Thus, when finally released, such water might adversely 
affect its use for certain industrial purposes and, under certain con- 
ditions, might result in delivery of “red water” to consumers. The 
experiments showed further that, by painting the concrete with the 
same asphalt enamel that is currently used for seal-coating the cement 
lining of cast-iron pipes, the rate of increase in pH and alkalinity was 
tremendously decreased, to a point where the change in two weeks 
was slight. However, the pH and alkalinity did increase in several 
months to undesirable limits. 

For this reason, two coats of asphalt paint are required to be 
applied on all concrete surfaces exposed to contact with reservoir 
water, and provision has been made for a circulating pump capable 
of pumping all the lower reservoir water into the upper reservoir in 
about 10 days. It is planned to run this pump continuously, during 
the period the lower reservoir is not in normal operation, and thus to 
change about 10% of the lower reservoir water each day. To avoid 
wear and tear on the main motorized gate valve, and to eliminate the 
danger of losing a large quantity of water, should electric power fail 
while the lower reservoir is being refilled each day, a 3-inch, motorized 
butterfly valve has been set up as a by-pass around the 16-inch gate 
valve and connected in with the reservoir pressure switch, in such a 
way that the circulation of lower reservoir water is handled by the 
smaller valve automatically and safely. 

In the event that the water level in the lower reservoir should 
become lowered too close to the pumping-line intake, the pump is 
protected against continued operation for too long by automatic con- 
trols, by means of an electrically operated float switch. This pumping 
layout makes it possible also to provide additional emergency storage. 
During periods of extremely high summer drafts, by closing the upper 
reservoir control-valve manually and pumping the reservoir full of 
water from the lower reservoir, 214 mil gal of emergency storage are 
made ready and available for fighting a major fire or for any other 
need which may arise. Pump and controls are to be located in a 
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chamber similar in size and character to the control houses. Space 
is available in the pump house for a generator set for stand-by electric 
service, should experience ever indicate its desirability. 

Electricity will be provided for lights and heaters in the control 
chambers and pump chamber, for the circulating pump motor, for 
control of the two gate-valve motors and for control of the butterfly- 
valve motor through an underground power line, consisting of 4 cables 
(230-volt, 3-phase, 60-cycle A.C. current), extending from the Hart- 
ford Electric Light Company’s overhead line in the public highway, 
fronting the District land, to the pump-chamber distribution panel, 
from which there is an underground branch line to each control 
chamber. There will also be 115-volt circuits available as required. 
In this way, should electric-power interruptions prove frequent or 
troublesome, a generator set could be installed with suitable cut-outs, 
so that stand-by service could be thrown on the line automatically. 

In addition to the major structures described, there are the usual 
lines for transmitting water and drainage, overflow pipe lines and a 
service road, extending from the public highway to each of the build- 
ings, and a connecting ramp drive to the top of each reservoir, all 
graded to harmonize with the adjoining areas and provided with proper 
drainage facilities. 

By the end of January of this year, the lower reservoir was com- 
pleted sufficiently to run the required leakage tests. The reservoir 
was filled to overflow level and measurements were then taken every 
24 hours, to determine the loss of water from storage. At the end of 
3 days the measurements showed a maximum loss of 4,200 gal in 24 
hours, compared with the specified allowable leakage of not more than 
6,000 gal. At the end of 10 days of measurements the leakage was 
reduced to 2,100 gal in 24 hours. It is believed that, with the com- 
pletion of the required painting of the interior concrete surfaces, this 
leakage might be further reduced considerably, to indicate a practi- 
cally watertight structure. After painting, the reservoir will be refilled 
and properly sterilized. Then the reservoir will be ready to be put 
into operation for regular use. 

This project is a part of the water-supply system of The Metro- 
politan District of Hartford County, of which Edward N. Allen is 
Chairman of the District Commission. E. Welles Eddy is Chairman 
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of The Water Bureau, under whose authority the Wickham Hill storage 
reservoirs were designed and are now under construction. 

All of the functions of The Metropolitan District are under the 
management of William A. D. Wurts, District Manager, and The 
Water Bureau is managed by Warren A. Gentner, Deputy Manager 
and Chief Engineer, with C. M. Saville as Consulting Engineer. 

The construction work is being carried on by the American 
Construction Co. of Hartford, Conn., and will probably be completed 
by June of this year. The cost of the construction, materials furnished 
by the District, soil and foundation investigations, land, drainage 
rights, building permit and engineering will aggregate about $375,000. 
An innovation initiated with this project was the furnishing to the 
contractor of all the principal materials except concrete, to avoid 
delays and interruptions during construction. Designs were com- 
pleted and materials listed far enough ahead so that they would all be 
on hand in sufficient time for installation on schedule. This experiment 
has proved highly successful, since there have been no delays and no 
interruptions, and the District has had better control over the speci- 
fications and quality of the materials. Incidentally, the District has 
saved about $25,000. 
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DEPTH DETERMINATIONS FROM SEISMIC DATA 
BY ROBERT L. GEYER* 
[Received August 31, 1950.) 


LINEHAN AND KeiTH** have described use of the refraction 
seismograph for determining the nature and thicknesses of near-surface 
layers in New England. In their paper they cite a well-known relation 
for the determination of the thicknesses of the several layers, in 
terms of the codrdinates of the intersections of their corresponding 
branches on the travel-time curve. While that form is accurate and 
comparatively simple to use, there is another form, used in seismic 
prospecting for computing the thicknesses of the near-surface, low- 
velocity layers, that is accurate within the limits of field observations 
and adaptable to rapid slide-rule computation. This alternate method 
utilizes the time-axis intercepts of the extrapolated branches of the 
travel-time curve. 

Fig. 1 presents a hypothetical geologic section of several horizontal 
strata, above which is drawn a travel-time curve such as might have 
been determined from arrival times of refracted waves at a series of 
stations between points S and G. The distance from the shot point S 
to a seismic receiver (geophone) G is designated d,, the corresponding 
arrival time of the refracted wave is designated ¢t,, and the correspond- 
ing point on the travel-time curve is indicated by a small circle. The 
ray-path of the elastic energy from shot point to geophone is shown 
by a series of arrows. The layers are numbered from the surface 
to the basement, which would correspond to layer n+1. The thick- 
nesses of the layers are indicated by the letter 4, with the appropriate 
subscript indentifying the layer. 

The velocities of elastic waves in any layer are assumed to be 
constant and may be obtained from the slope of the corresponding 
branch of the travel-time curve. The thickness #, which we wish to 
find, is equa! to the product of the velocity V, obtained from the graph, 

*School of Geology, Louisi State Uni ity, Baton Rouge 3, La. 


**Daniel Linehan, S. J., and Scott Keith. ‘Seismic Reconnaissance for Ground-Water Development.” 
This Journal, Vol. 63, No. 1 (Mar., 1949), p. 76. 
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and the vertical time ¢, which is a function of the time-axis intercept 
I and a velocity ratio. 

In order to determine the thicknesses of the layers from the 
seismic records, it is only necessary to follow these simple steps: 

(1) Pick the times from the records. 

(2) Plot the times versus corresponding geophone distances 
and draw the time-distance curve. 

(3) Determine the velocities and intercepts from the curve 
and enter them in their places in a computation form, such as shown 
in Tables 1, 2 and 3. 
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(4) Calculate the thicknesses for each layer by means of the 
values and formulae in Table 4; or calculate them by the use of a 
special K-scale, marked on an engineer’s slide rule, and the same 
formulae. 

The entire process should not require more than 15 minutes per 
spread, if there were no more than three layers involved, and the last 
step should require only a couple of minutes of that time. 


TABLE 1.—CALCULATION FoRM FOR ONE LAYER 
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TABLE 3.—CALCULATION FoRM FOR THREE LAYERS 


V 


V2 


= 


I3—(T144+T24) = 


2 
TABLE 2.—CALCULATION Form For Two LayERs 
V; 
Vo 

Vs 
V2 

Vs 

= = SA = 

Vi 
Vs ; 
Ve 

B= Ti3 = —_ = = ___ 

3 
Vo 

V4 

Vs 
Vs Vs 
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TABLE 4.—TABLE OF VELOCITY RATIOS AND CALCULATION CONSTANTS, WITH 
SLwE-RULE RELATIONS 


V; 
.576 .70 

.505 .593 74 
.506 .608 .76 
.508 .613 .78 


513 551 637 82 
515 557 .650 84 
518 ; 665 86 
521 569 -682 88 


.90 


Ky; 


SLIDE-RULE RELATIONS FROM EQUATIONS 10, 11 AND 12 


t; hy 
X Kies ty 


to = Kog[I2—T13] ho = V2 X te 


ts = + T24) ] hs = V3 X ts 


The following sections develop the formulae from known relations 
that are discussed in the several texts on seismology and geophysics, 
describe more fully the application, note the procedure for the 
problem of dipping layers, and discuss the accuracy of the system. 


THEORY 
For a full development of the steps leading to equation 1, the 
reader is referred to Nettleton,* pages 251-255. 


If the notation of Fig. 1 is used, the total travel time from shot 
point to geophone may be written as 


*L. ty Nettleton, Geophysical Prospecting for Oil, McGraw-Hill, 1940. 
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10 699 
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14 743 
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18 797 
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For the purpose of simplifying numerical evaluations of our formulae, 


we let 


in which i<j, i varies from 1 to n, and j varies from 2 to n+1; and 


(3) 


in which i varies from 1 to n. By incorporating substitutions 2 and 


3 in equation 1 we may write 
t t ty 
* <—4...4 (4) 


Since the time-axis intercept represents the travel-time where 
d, = O, we have 
ty te bn 
Kiin41) Koin41) K (n +1) 
For the first layer n = 1, and 
t 
(6) 
12 
As K,, can be computed from equation 2 and /, can be obtained from 
the travel-time graph, ¢, is the only unknown quantity and may be 
computed from equation 6. 


ty = (7) 
Similarly, the time in the second layer can be determined from 
equation 5 as 


to = Kog (8) 


13 


The time ¢, is known from equation 7, and therefore ¢, can be com- 
puted. 
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The general equation for the time in any layer, expressed in 
terms of the times in the overlying layers, the intercept, and the 
velocity-ratio constants K,, is 


ty ts 
to-1 

|: (9) 

K (n—2) (n+) K (n+) ) 
The numerical evaluation may be further simplified by the substitution 
T (10) 

Ky 


and equation 9 may be rewritten as 


ty = (Time) + + T (o—2) (n +1) + T e—1) | 
(11) 
By substitution of ¢, from equation 11 in equation 3 and re- 
writing, we may calculate the thickness of any layer, 


h, == (12) 
APPLICATION 


Refraction times are picked on the seismograms to the nearest 
millisecond and the values plotted on graph paper against the cor- 
responding geophone distances. The branches are determined by 
fitting a series of straight lines through the points. Here, the 
experience of the computer and a general knowledge of the local 
geology are invaluable for obtaining the best interpretation of the data. 

Velocities are obtained from the reciprocals of the slopes of the 
straight-line branches, and the intercepts are found by extrapolation 
to the time-axis. 

The numerical evaluation of equations 10, 11 and 12 is carried 
out on printed computation forms such as shown in Tables 1, 2 and 3. 
A special K-scale, made by plotting the values of K for a series of 
values of the ratio i against the CF-scale of a Log-Log Duplex or 
similar-type slide rule, is used to compute ¢ and T directly from the 
velocity ratios and the intercepts. The location of the special scale is 
shown in Fig. 2. 
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USE OF THE METHOD WHERE LAYERS ARE Not HORIZONTAL 


It is customary to shoot seismic profiles from both ends of the 
geophone spread. If the velocities of corresponding branches of the 
oppositely directed travel-time curves are equal, it may be assumed 
that the layers are horizontal (or at least parallel to the surface). 
If, however, the corresponding velocity values are not equal, the 
refracting layers vary in thickness and the reciprocals of the slopes 
of the curve branches are called apparent velocities. The relations 
between the apparent velocities, the true velocity and the dip for one 
inclined layer are 


Va <Ve <Vu (13) 


cosine dip 
and (14) 
average slope 


where Va is the apparent down-dip velocity and Vu is the apparent 
up-dip velocity. The average slope is for the up-and down-dip branches 
of the velocity in the second layer. When the angle of dip is less than 
10°, the error in using simply the average slope as the reciprocal of the 
true velocity will be less than 1.5%. Therefore, for most work the 
average slope is used to determine the value of the velocity and is 
accurate within the limits of field observation. 

Either the thicknesses of the layers below the shot points or the 
average thicknesses of the layers below the center of the spread may 
be computed. In order to compute the average thicknesses below the 
shot point, the data for all spreads shot out of the same hole are plotted 
on the same set of codrdinates, and the intercepts and average slopes 
are determined from the graph. The computations are then carried 
on in the routine manner by means of the slide rule and regular forms. 
To obtain the average thicknesses under the center of the spreads, 
the data from the interlocking profiles are plotted on the same 
coérdinates, and the average intercepts and slopes are determined on 
the graph. Computation is routine. 

It should be remembered that the refraction depths computed are 
normal to the refracting horizon. However, for small angles of dip 
the difference is less than the operational error and it is customary to 
use the computed values as vertical depths or thicknesses. 
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ACCURACY OF THE SYSTEM 


In practice there are several possible sources of error. The 
allowable variation in reading a seismogram is plus or minus one 
millisecond on any individual pick. This error might be reduced by 
increasing the paper speed in the camera, and by obtaining sharper 
breaks by changes in instruments or charges. However, the reduction 
of error by such refinements might well be masked by irregularities, 
caused by the lack of homogeneity of the layers. 


Errors in fitting straight lines to the data might be minimized by 
a least-square adjustment, but the slight improvement over the values 
obtained by the sight-fitting of an experienced computer would not 
justify the effort. The most serious effect of error in fitting the line to 
the points lies not in the determination of the velocities, but in the 
determination of the extrapolated intercept. 


One possible source of error inherent in this system lies in the 
computation of the table of constants (Table 4). This source may be 
eliminated by computing the values for smaller differences in the 
velocity ratio and by performing the calculations by machine. How- 
ever, the slide rule is consistent with the accuracy maintained with 
respect to other sources of error. 


With reasonable care, the first intercept should be accurate within 
plus or minus half a millisecond, since it is an average value. The 
second intercept should be correct within plus or minus one millisecond. 
Other intercepts will have greater possible errors, depending to some 
extent upon the ratio of the length of the observed branch to the 
distance of the data from the abscissa. Nevertheless, as the intercept 
becomes greater with depth, the percentage error may remain the same 
or even decrease. 


The allowable error in passing a straight line through the plotted 
time-distance data does not allow determination of the velocities closer 
than to the nearest 100 ft per sec. Therefore the velocity ratio need 
not be carried beyond two decimal places. In areas where the ratios 
are of the order of 0.70, it might be well to compute the constants for 
intermediate values and obtain finer divisions on that part of the 
slide-rule scale. The values presented have been found satisfactory 
in drift areas of Michigan and Illinois. 
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By assuming a velocity distribution consistent with the data 
presented by Linehan and Keith for New England, we may investigate 
the amount of discrepancy to be expected between calculated and 
drilled thicknesses. If we assume V, = 2,000 ft per sec, V, = 6,000 ft 
per sec and V, = 20,000 ft per sec, the error in the computed thickness 
of the first layer, measured in feet, will essentially equal the error in 
Z,, measured in milliseconds. The error in the thickness of the 
second layer will be about three feet for each millisecond error in /,. 
The carry-over effect of an error in observation of 7, upon the thickness 
h. will be about two-thirds of the percentage error in #,. For example, 
if 4, is in error by 5%, then 4, will be in error by 3.3%. 

If plus or minus one millisecond is used for J,, and plus or minus 
two milliseconds for J,, the discrepancies will be of the same order as 
reported by Linehan and Keith—+.e., about 5 ft in 100 ft of total depth. 


a 
“aay 
4 
4 


BOOK REVIEWS 


BOOK REVIEWS 


The writer has had occasion recently to read in whole or in part 
three interesting but quite different books. Members of the New 
England Water Works Association may well find it advantageous to 
be informed, at least in a general way, of their contents. 

The Manual of British Water Supply Practice, published by the 
Institution of Water Engineers in 1950, is a volume of some 910 pages. 
In the preparation of the Manual, some 86 authors took an active part, 
and 77 collaborators gave assistance and advice. The work of all 
these individuals was directed, codrdinated and edited by the late 
A. T. Hobbs, who was Secretary of the Institution from 1925 until 
his death in 1950. 

The scope of the Manual is indicated by the wide range of 
water-supply subjects dealt with, including historical development, 
hydrology, hydrogeology, hydraulics, sources of supply, reservoirs, 
pumping stations, distribution systems, water treatment and purifica- 
tion, analytical examinations, as well as legal, financial and manage- 
ment matters. Although British practice deviates in details from 
American practice, the fundamental principles of water-supply en- 
gineering are of general application. Naturally, some of the chapters 
are of more value and interest to American engineers than are others, 
but the book as a whole is well worth the current price of $7.50. 

Those members of the Association who heard or read the paper 
by Lincoln W. Ryder upon “The Case for Water Witching”, published 
in this JouURNAL for September, 1949, would be interested to read 
Kenneth Roberts’ entertaining book, Henry Gross and His Dowsing 
Rod. The claims made for the dowsing rod and Roberts’ theory of 
“domes and veins” as sources of ground-water supply are amazing, 
to say the least. 

In this connection, the following quotation from the Manual of 
British Water Supply Practice is significant: 


“The general consensus of opinion among water engineers throughout the 
world is that dowsing has little to recommend it.” 
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The Water Seekers by Remi Nadeau, published in 1950, has no 
relation to water witching, but is a fascinating account of the struggles 
between the ranchers and the city of Los Angeles for the waters of the 
Owens Valley, and of the long-drawn-out legal and political battles 
between California and a half dozen or more other states for the 
Colorado River water. For those aware of the greater and greater 
demands upon the water resources of the country, this book presents 
in vivid form the bitter battles, physical and legal, waged for water 
in southwestern United States. 

E. SHERMAN CHASE 
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PROCEEDINGS 


JANUARY 1951 MEETING 
Hore. STATLER, Boston, Mass. 
THURSDAY, JANUARY 18, 1951 


President Thomas R. Camp in the Chair. 


Secretary Knox announced the election of the following to 
membership in the Association: 


Samuel J. Bargh, American Water Works Service Co., Islington, 
Mass.; Joseph M. Farnham, Jr., Superintendent, Water Department, 
Essex, Mass.; Harry R. Feldman, Civil Engineer, Harry R. Feldman 
Engineering Service Co., Watertown, Mass.; William G. Hartwell, 
Superintendent and Treasurer, Anson Water District, Anson, Me.; 
Philip W. Sheridan, Jr., Design Engineer, Tighe & Bond, Holyoke, 
Mass. 

Reinstated 


William D. Smith, Johns-Manville Co., Springfield, Mass. 


Associate Member 
Curry Oil Co., Boston, Mass. 


A paper on “Recent Surveys in Connecticut of Water Piping 
within Buildings” was read by Charles H. Lawrence, Sanitary Engineer, 
Bureau of Sanitary Engineering, State Department of Health, 
Hartford, Conn. 


A paper on “Factors Influencing the Efficiency of Activated 
Carbon” was read by Al Y. Hyndshaw, Research Chemist, West 
Virginia Pulp and Paper Co., Tyrone, Pa. 


A paper on “Natural-Resources Survey of New England and 
New York” was read by Col. Harry L. Fox, Executive to the Chairman, 
New England-New York Inter-Agency Committee, Corps of Engineers, 
U.S. Army, Boston, Mass. 
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FEBRUARY 1951 MEETING 
STATLER, Boston, Mass. 
THuRsDAY, FEBRUARY 15, 1951 


President Thomas R. Camp in the Chair. 


Secretary Knox announced the election of the following to 
membership in the Association: 


Lendon F. Dutton, Superintendent, Department of Utilities, 
Groton, Conn.; Angus D. Henderson, Engineering Manager, Hydro- 
technic Corp., New York, N. Y.; I. Laird Newell, Consulting Engineer, 
Henry Souther Engineering Co., Hartford, Conn.; Rostislaff Nebol- 
sine, Consulting Engineer, New York, N. Y.; Wallace S. Pinkham, 
Engineer, Water Works, Tisbury, Mass. 


A paper on “Factors Affecting the Yield of Rock Wells in Southern 
New England” was presented by Robert V. Cushman, Geologist in 
Charge, U. S. Geological Survey, Middletown, Conn. 


A talk, entitled “Notes on English Water Works,” was presented 
by Charles Y. Hitchcock, Project Engineer, Metcalf & Eddy, Boston, 
Mass. 


A paper on “Treating Algae under the Ice at Westfield, Mass- 
achusetts” was presented by Ernest A. Snow, Jr., Senior Chemist, 
Massachusetts Department of Public Health, University of Mass- 
achusetts, Amherst, Mass. 


Marcu 1951 MEETING 
HorTeEL STATLER, Boston, Mass. 
TuHurRspAY, Marcu 15, 1951 


President Thomas R. Camp in the Chair. 


Secretary Knox announced the election of the following to 
membership: 


Dwight L. Agnew, Manager, Scituate, Cohasset and Hingham 
Water Companies, Hingham, Mass.; Edward D. Barton, Superin- 
tendent, Water Works, Lowell, Mass.; James C. Callahan, Com- 
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missioner of Water Supply, Lynn, Mass.; John J. Coleman, President 
and Treasurer, Allied Engineering Corp., Roxbury, Mass.; Thomas T. 
Craven, Sales Manager, New England District, Warren Pipe Co. 
of Massachusetts, Inc., Boston, Mass.; William E. Dobbins, Associate 
Professor of Sanitary Engineering, New York University, New York, 
N. Y.; Harold L. Garland, Foreman, Water Supply District, Dracut, 
Mass.; George F. Gay, in Charge of Maintenance, Water Department, 
Stoughton, Mass.; Richard P. Grossman, Senior Sanitary Engineer, 
New Hampshire Dept. of Health, Manchester, N. H.; Clarence R. 
Hall, Superintendent, Water Department, Dover, N. H.; Fortis E. 
Hart, Superintendent, Water Department, Littleton, Mass.; Dwight 
A. Hogg, District Manager, Lock Joint Pipe Co., West Hartford, 
Conn.; Stanley B. Johnson, New England Sales Manager, Mueller 
Co., Wellesley, Mass.; Christian G. Kuehlke, Jr., Assistant Manager, 
Ansonia Water Co., Ansonia, Conn.; George L. Legg, Superintendent, 
Water Department, Hanover, Mass.; Joseph G. Lufkin, President, 
Red Hed Manufacturing Co., Boston, Mass.; Charles K. Moore, 
Civil Engineer, U. S. Army Engineers, Swansea, Mass.; Louis Neleber, 
Superintendent, Water Works, Colchester, Conn.; John S. O'Reilly, 
New England Sales Manager, Hersey Manufacturing Co., Boston, 
Mass.; Peter F. Riopelle, Assistant Superintendent, Water Depart- 
ment, Lowell, Mass.; Amedee F. Roy, Superintendent, Water Depart- 
ment, Ashburnham, Mass.; Sumner Smith, Chairman, Board of Water 
Commissioners, Lincoln, Mass.; Leo Trudelle, Superintendent, Water 
District, Swansea, Mass.; Henry Warner, Member, Board of Water 
Commissioners, Lincoln, Mass.; John A. Morley, Pittsburgh-Des 
Moines Steel Co., Westfield, N.J.; John K. Kirn, Johnson Plastic 
Corp., Marblehead, Mass. 


Associate Member 
Johnson Plastic Corp., Chagrin Falls, O. 


PRESIDENT CAmpP. Your Legislative Committee has been active. 
Mark Croker is chairman. I should like to have him say a few words. 

Mark F. Croker. I shall report briefly on the bills being heard 
by the Committees of the Massachusetts Legislature which are of 
general interest to the members of this Association. 
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House 974 is an act to authorize the levying of special assessments 
for laying water pipes in public ways. That was heard by the Com- 
mittee on Municipal Finance last Tuesday morning. This petition was 
introduced a year ago and passed by both Senate and House. It 
reached the Governor’s desk and was then withdrawn and held in the 
Senate. The hearing last Tuesday was covered by your Legislative 
Committee and the Association recorded itself in favor of the passage 
of this legislation. 

Yesterday morning hearings were held by the Committee on State 
Administration on Senate 484 and House 1473. Senate 484 is an act 
clarifying the statute regulating competitive bidding on public-works 
projects; and House 1473 is an act further regulating plans, specifi- 
cations and bids on construction, reconstruction, alteration, remodeling 
or repairing of certain public works. Senate 484, which your Com- 
mittee was prepared to oppose, was withdrawn by the petitioner, 
Francis J. Sullivan, and he gave his support to House 1473. This bill 
developed strong opposition and the opinion is that the Committee 
will submit an adverse report. Incidentally, in reference to Senate 484, 
while your committee makes no claim of infallibility as regards the 
detection of proposed legislation, it may be of interest to the members 
of the Association that your committee was the first among the 
interested agencies to be aware of this hearing. 

House 1472 is an act relative to furnishing of performance bonds 
in contracts for public works and to fair competition for bids on con- 
struction, reconstruction, alteration, remodeling or repair of certain 
public works by the Commonwealth or any political subdivision 
thereof. Hearing on this proposed legislation has been postponed until 
next week. I understand that in the meantime the proponent of the 
bill is to make some slight change in it, which will improve it as far 
as the water-works men are concerned. That is before State 
Administration. 

House 80 is an act relative to the furnishing of water to towns 
in the Metropolitan Water District. That is to be heard on Monday, 
March 19, in Room 207 at 10.30, before the Committee on Metro- 
politan Affairs. 

House 2143, Special Report of the Department of Public Health, 
authorized to make an investigation and study relative to the ground- 
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water supply and its use and protection within the Commonwealth, 
together with the proposed legislation which goes with it, is listed on 
the legislative bulletin under bills to be heard by the Committee on 
Water Supply. The hearing date has not yet been scheduled. 

House 1698 relates to the proposed establishment of an unpaid 
commission, consisting of the Commissioner of Conservation, the 
Commissioner of Agriculture and the Commissioner of Public Health, 
for the purpose of holding hearings regarding the creation of a weather- 
amendment board, for the purpose of controlling the alteration of 
weather by human or artificial means. This proposed legislation is 
now under consideration by the Committee on Ways and Means. 


* 


* 


Upon motion by Warren J. Scott, duly seconded, it was Vorep that 
the following be appointed as a Nominating Committee: Harold W. 
Griswold, Chairman, Horace L. Clark, Karl R. Kennison, Arthur L. 
Shaw and Donald C. Calderwood. 

A paper on “The Civil Defense of New England” was read by 
Albert D. O’Connor, Northeastern States Regional Director of the 
Federal Civil Defense Administration. This was followed by a panel 
discussion on “Water-Supply Planning for Civil Defense,’ the panel 
consisting of the following: 

Warren J. Scott, Director, Bureau of Sanitary Engineering, State 
Department of Health, Hartford, Conn.; Howard H. Potter, Maine 
Public Utilities Commission, Augusta, Me.; Clarence I. Sterling, Jr., 
Chief Engineer, Massachusetts Department of Public Health, Boston, 
Mass.; Frank J. Lariviere, Division of Sanitary Engineering, New 
Hampshire Department of Health, Concord, N.H.; Walter J. Shea, 
Chief Engineer, Rhode Island Department of Health, Providence, 
R.I.; Edward L. Tracy, Director, Division of Sanitary Engineering, 
Vermont Department of Health, Burlington, Vt.; Earl Devendorf, 
Director of Environmental Sanitation, State Department of Health, 
Albany, N. Y., and Gordon E. McCallum, Sanitary Engineer, U. S.. 
Public Health Service, Federal Security Agency, Washington, D. C. 

Some official films of the U.S. Public Health Service, illustrating 
the medical aspects of atomic explosions, were shown. 
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ENGINEERS 


HOWARD E. BAILEY 


Consulting Sanitary Engineer 
Water Works 


Sewerage 


Water Purification 


Sewage Treatment 
Industrial Wastes Disposal 


6 Beacon St., Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 


ENGINEERS 
Charles M. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 


Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations Reports Designs Valuations 
Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 
Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


MALden 2-3800 
Gunite Restoration Co., Inc. 
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595 Broadway, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 
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Statler Building 
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Oakdale, Massachusetts 
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Sanitary Chemists 
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Consulting Engineers 
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R. M. LEGGETTE 


Consulting Ground Water Geologist 
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Investigations 


Reports 


Dewatering 
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551 Fifth Avenue New York 17, N. Y. 
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ENGINEERS 


Malcolm Pirnie Engineers 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
G. G. Werner, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd St. New York 18, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER COMPANY, INC. 


ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, ete., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Edward F. Hughes Co. 


Water Works Contractor 


Gravel, Artesian and Driven Wells 
Foundation Borings 


427 Riverside Avenue 
Medford 55, Massachusetts 


PIERCE -PERRY CO. 


Wholesalers of 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, Hancock 7817-7818 


Cement Lined Service Pipe 


Cement lined pipe has eliminated 
corrosion and metal contamination 
for 60 years. 


Write for Literature 


Cement Lined Pipe Co. 


Lynn, Massachusetts 


C. Reppucci & Sons, Ine. 
General Contractors 


Ground Water Supply 
Gravel Packed Wells Driven Wells 
Water Works Reservoirs 
Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. Lafayette 7330) 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIRkland 1438 
Cambridge, Massachusetts 


LAYNE - NEW YORK CO. 


Inc. 

SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well Water Supply Contractors 
New England Headquarters 
15 Ryder Street, Arlington, Mass. 
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Watches and Water Meters 


You can’t operate a Railway System successfully without accu- 
rate and dependable time pieces. Nor can you operate a Water 
Works System successfully without accurate and dependable 
Water Meters. Hersey Water Meters are built with watch-like 
precision. More than sixty-five years of know-how has made this possible. 


HERSEY MANUFACTURING COMPANY 
SOUTH BOSTON, MASS. 


— — 
: BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO eae 
; SAN FRANCISCO — LOS ANGELES age 
i 


Reg. U.S. 
Fig. 438-A - 


ONLY CURB STOPS AND CORPORATIONS MADE OF HIGH 
GRADE METAL AND GOOD WORKMANSHIP WILL ACCOM- 
PLISH THE PURPOSE OF CONTROLLING THE FLOW OF WATER 
IN PIPES SUPPLYING OUR HOMES AND VITAL INDUSTRIES 
WITHOUT SERIOUS INTERRUPTION AND COSTLY MAINTEN- 
ANCE. 

RED HED STOPS AND CORPORATIONS ARE DEPENDABLE 
BECAUSE THEY ARE MADE FROM THE FINEST METAL BY 
SKILLED NEW ENGLAND WORKMEN. 


RED HED MFG. CO. 


Manufacturers of 


RED HED Brass Goods for Water Works 
Boston 10, Mass. 
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The meter used by thousonds 
of in the U S. 
end obroad 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Warch Dog Water Meters first choice of so many 
municipalities and private water companies 

am the United States 


WATCH DOG WATER METERS 
*Wetch Dog” models .. . mode in standard capacities from 
80 gpm vp: frost-proof ond split cose in household sizes. Disc 
type. Turbine type or Compound type. Write tor Bulletin. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Pump and Machinery Corporation 
296 South St., Newark 5, New Jersey 
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Danvers Demonstrates 


Danvers, Mass.,: with some 3,500 
Water Meters, has a compact and ef- 
ficient meter shop. An example of 
efficiency is its unique “baker 
wagon" shelving, a cabinet with ten 
38” x 27” shelves, in which 3 sizes 
of Disc Chambers and five sizes of 
Discs are each stored on a separate 
shelf, as are also Registers and Gear 
Trains. Bottom caps, screws, nuts, 
bolts and other small parts are also 
readily accessible. 


If it’s a pile of miscellaneous re- 
pair parts for half a dozen antique 
models of meters you’re digging 
into... brother, it’s time to stand- 
ardize on Tridents! Because for 


ALL your Trident Meters, new or 
old, you need carry only one set 
of repair parts—the newest! That’s 
because of Trident INTER- 
CHANGEABILITY, which means 
economical, simplified parts inven- 
tory—which also means less stor- 
age space and fewer, simpler 
records to keep track of parts. Ask 
your Trident representative to ex- 
plain further. 


NEPTUNE METER COMPANY ¢ 50 Wes? 50th Street © NEW YORK 20, N.Y. 
Brench Offices in Chicago, San Francisco, Los Angeles, Portland, Ore. 
Denver, Dallas, Kansas City, Lovisville, Atlente, Boston. 

NEPTUNE METERS, LTD., Long Branch, Ont., Conede 
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In considering replacement vs. reconditioning of a 53 year old line 
carrying Water to Chula Vista and National City, Calif., the California 
Water and Telephone Company decided to recondition the line since 
replacement in addition to the tremendous cost would have meant dis- 
turbing many acres of valuable citrus and vegetable fields. 


Reconditioning involved a thorough cleaning by National of over 
15,000 feet of 24 inch line, after which the entire line was centrilined. 


According to information received, the reconditioning has added at 
least 20 years more of useful life with a marked increase in the volume 
of water previously handled. 


Our engineers will gladly submit facts and figures on how National has 
solved similar problems for other utilities. Why not write today? 


31 
NATIONAL WATER MAIN CLEANING CO., 50 church St., N.Y. 7, 


ATLANTA, GA., 333 Candler Bldg. © BOSTON, 115 Peterboro Street © CHICAGO, Room 1336, 
S. Michigan Avenue ® DALLAS, TEXAS, 6617 Snyder Plaza © DECATUR, GA., ». O. Box 385 @ 
ERIE, PA., 439 E. 6th Street © KANSAS CITY, MO., 406 Merchandise Mart, 2201 Grand 
Avenue ® LOS ANGELES, 448 South Hill Street © LITTLE FALLS, N. J., P. O. Box 91 © 
MINNEAPOLIS 1, MINN., 200 Lumber Exchange Bldg. © OMAHA, 3812 Castellar Street 
© RICHMOND, 210 E. Franklin Street © SPRINGFIELD, MO., 1301 Prospect Avenue © SALT 
LAKE CITY, 149-151 W. Second So. Street © SAN FRANCISCO, 681 Market Street © SIGNAL 
MOUNTAIN, TENN., 204 Slayton Street © FLANDREAU, S. D., 315 No. Crescent Street © 
MONTREAL, 2028 Union Avenue ® VANCOUVER, B. C., 505 West Ist Avenue © WACO, P. O. 


Box 887 ® WINNIPEG, 576 Wall Street © HAVANA ©® SAN JUAN © PUERTO RICO @ 
BOGOTA © CARACAS © MEXICO CITY. 
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Homogenized 
SELF CAULKING COMPOUND 


Every bag of BOND-O is a bag 
of perfect jointing compound. 


NORTHROP & CO. INC. 
SPRING VALLEY, NEW YORK 


Sodium Hypochlorite 


Prompt deliveries from nearby plant at Berlin, N. H. 


A PRODUCT OF BROW any 


Berlin, NEW HAMPSHIRE 
SALES OFFICE: 465 CONGRESS ST., PORTLAND, MAINE. Tel. Portland 2-2829 


OVER 35 YEARS 


of Dependable Service 
To All New England 


H.R. PRESCOTT & SONS. 
110 NORTH PARKWAY, WORCESTER, MASSACHUSETTS | 
Telephone 3-7535 Day or Night 


For a Complete Line 
of Water Works Supplies 


CALL ON US 


CATALOGS UPON REQUEST 
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{HYDRO-TITES 


J 


(POWDER) 
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HYDRO-TITE 


has joined more than a million 
miles of cast-iron water mains in 
the past 40 years with complete 
satisfaction. Used with FIBREX, 
the bacteria-free joint packing, it 
makes an unbeatable combina- 
tion. All around the world 
NOTHING takes the place of 
HYDRO.-TITE. 


Free working samples on request. 


HYDRAULIC DEVELOPMENT CORPORATION 


Main Sales Office 50 Church Street, New York General Others and Works WW. Medford Station. Boston, Mass 
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WATER FOR HAVERHILL 


4 


1750 G.P.M. Fairbanks-Morse Motor Driven Pumping Unit at City of 
Haverhill, Mass. Kenoza Lake Pumping Station. 


The City of Haverhill in order to insure an abundant water supply, 
recently installed at each of its three pumping stations, Johnson’s 
Pond, Crystal Lake, and Kenoza Lake, a Fairbanks-Morse Fig. 5813 
6” 1750 G.P.M. Centrifugal Pump driven by a Fairbanks-Morse 125 
H.P. 1800 R.P.M. QZK Motor. 


A trained Fairbanks-Morse Engineer is on call to help solve YOUR 
pumping problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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xii ADVERTISEMENTS. 


70th 


ANNUAL CONVENTION 


New England Water Works 


Association 


SEPTEMBER 10-11-12, 1951 


HOTEL STATLER 


Boston, Mass. 
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KENNEDY 


A.W.W.A. GATE VALVES 


JOB-FITTED 


a wide range of 
water works requirements Stondord 


Double-Disc Gate Valve 
Every KENNEDY A.W.W.A. valve job is JOB-FITTED . . . specially 
designed and engineered for the job it has to do. Conforming to 
A.W.W.A. standards in every detail, these KENNEDY valves offer 
many extra-value features .. . one being the iron itself, which is 50% 
stronger than ordinary cast-iron .. . to keep them on the job year in 
and year out. 

KENNEDY manufactures a most complete line of water works 
valves ... in sizes from 2” to 60” . . . non-rising stem and outside- 
screw-and-yoke types . . . with a wide variety of gearing arrange- 
ments, controls, accessories and end connections available. 


WRITE FOR BULLETIN 106 


KENNEDY 


VALVE MFG. CO. « ELMIRA, N.Y. 
VALVES + PIPE FITTINGS + FIRE HYDRANTS 
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City of New Bedford Quittacas Station 


Four De Laval units are now installed. Three as shown above— 
Two 400 H.P. and one 600 H.P. motor drive and one 1100 H.P. © 
Diesel drive. Acceptance tests bettered proposal figures for both 
capacity and efficiency. Fay, Spofford and Thorndike were the 
Engineers in conjunction with H. C. Mandell, Superintendent of the 
Department. 


ANOTHER DE LAVAL STANDOUT 


TURBINE EQUIPMENT COMPANY OF 


NEW ENGLAND 
80 Federal Street Phone Liberty 2-5993 Boston 10, Mass. 
New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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Tel. SUDBURY 458 P. O. BOX 153 | 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25F 
On Request 


JOSEPH G. POLLARD CO.., 


Inc. 
Pipe Line Equipment 
New Hyde Park New York 


NEW ENGLAND WAREHOUSE 
300 Southwest Cutoff 
Worcester, Massachusetts 
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Consider | 
the 


Builders Visible Flow Chlori- 
nizers set a new standard for 
operating efficiency and low main- 
tenance. These chlorine gas feeders 
are designed to save you money in 
the long run. Vital control and 
metering parts in Builders Chlorinizers handle nothing but dry, non- 
corrosive gas—a feature that’s sure to conserve your upkeep dollars. 
Materials of construction (tantalum diaphragm, silver valve seat and ; 
needle, porcelain-enamel valve lining) are carefully selected to “stand up 
and take it,” year after year. 


Mechanical simplicity is a cost-saving feature, too. Your maintenance 
men can easily handle the operation and servicing of Builders Chlorinizers. 
For complete information and Bulletins on chlorinating equipment that’s 
economical to buy and economical to run, call or write Builders— 
Providence, Inc. (Division of Builders Iron Foundry), Providence 1, R. I. 


BUILDERS PRODUCTS 
The Venturi Meter - Propelofio and Orifice Meters 
Kennison Nozzles - Venturi Filter Controllers 
and Gauges - Conveyoflo Meters - Type M and 
Flo-Watch Instruments - Wheeler Filter Bot- 
toms - Master Controllers - Chlorinizers — ‘ 
Chlorine Gas Feeders - Filter Operating Tables 4 

Pneumatic Meters - Chronoflo Telemeters. be 


Call 


BUILDERS F 
PROVIDENCE 
GAspee 1-4302 
BOSTON 


HAncock 6-1060 


BUILDERS-PROVIDENCE 
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TION ator 
co MBINED 


Over 80 years of manufacturing experience 
. .. designed for easy installation . . . long years of 
trouble-free service... interchangeable with those 
of other manufacturers ...corporation stops can be 
installed with any standard tapping machine. 


All Hays fittings made of single, uniform, high 
quality water service bronze, 85-5-5-5 mix... hy- 
drostatically tested at 200 pounds or more... plugs 
individually ground in for perfect fit...specially 
lubricated for permanent easy turning. 


HAYS MANUFACTURING COMPANY 


12TH & LIBERTY STREETS, ERIE, PENNA., U.S. A. 
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SPLIT 
WATER PUMP 


No other pump has the Floating Sealing Rings . . . yet this 
exclusive feature alone makes the Morris Double-Suction Water 
Pump outstanding for efficiency and long service. 


During the instant that the pump comes up to speed, but 
before full pressure is built up, the Morris Floating Sealing 
Rings adjust themselves to a uniformly close running clearance 
around the impeller. As soon as full speed is developed, the 
internal hydraulic pressure acting upon the vertical face of the 
Floating Ring, presses it tightly against the precision machined 
surface of the casing ring where it is firmly held in place. 


This action permits machining the rings to closer clearances. 
Leakage is consequently reduced to a minimum, initial efficiency 
maintained for much longer periods of service. Assures con- 
centricity of ring with impeller and eliminates binding due to 
abnormal operating conditions. 


Starkweather Engineering Co. MORRIS MACHINE WORKS 
Newtonville, Massachusetts Baldwinsville, N. Y. 


Telephone: Bigelow 4-8042 Sales Offices in Principal Cities 
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Valves and Hydrants 


Distinctive Features of the EDDY Valves 


C= three parts are moved by the Stem—the 
ball and the two gates. Each gate is hung 
from one of the trunnions on the ball. A convex 
surface at the base of each trunnion fits a concave 
surface on the back of the gate. This allows the 
gates to adjust themselves properly to their seats. 

. The gates, being free to revolve on the 
trunnions, do not always seat in the same position. 
Gates are center bearing and adjustable. They 
are forced to their seats with equal pressure at all 
points. There are two hooks on the ball on sizes 
4-inch and larger, which loosely engage with the 
gates. 


Distinctive Features of Our New Swivel 
Top Hydrants 


HIS new hydrant has all the advantages of the 


popular EDDY fire hydrant, plus several addi- 
tional features. . . Nozzles are in a_ short 
flanged section of the standpipe, which may be un- 
bolted and turned to different positions. 
Should the standpipe be broken, only the “cast- 
ing below the swivel head need be replaced. 


- . To raise the hydrant to conform to a 
new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 
having a steamer nozzle. 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug vaives, 
shear gates, indicator posts, etc. EDDY valves 
are made in three classes: Iron Body Bronze 
Mounted, All Bronze, and All Iron Valves. 


Eddy Valve Co. 


WATERFORD NEW YORK 
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AND STILL 
GOING STRONG 


The ability of the Break-Point Proc- 
ess to meet the various demands of 
day by day operation is aptly shown 
by the case history of a municipal 
water works in Pennsylvania. 


Since 1941, when it was installed at 
this plant by W&T Engineers, the 
Break-Point Process has played a 
major role in producing a pure, spar- 
kling water for the system’s many 
consumers. It has completely elimi- 
nated complaints on tastes and 
odors and has raised the finished 
water quality to such a high level 
that tests show no gas formers and 
no bacteria on the plates. In addi- 
tion, a staff report continues, the 
Break-Point Process was of particu- 
lar value in keeping the water ac- 


PERFORMANCE 
in THIS 


ceptable to consumers during an 
emergency plant overload of 120%. 


These accomplishments and such ad- 
ditional benefits as longer filter runs 
and iron and manganese removal 
are typical of what you receive with 
the Break-Point Process backed by 
W&T Equipment. 


In the complete line of W&T chlor- 
inating equipment, proved by over 
35 years’ experience all over the 
world, there is a chlorinator that will 
give your plant these benefits, too. 


For more details write to your near- 
est W&T Representative — he’ll be 
glad to help you. 


WALLACE & 
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THE LAST WORD 
IN FEEDERS ... 


— for alum, lime, soda 
ash, ferric sulphate, sod- 
ium fluoride, carbon, and 
other water treatment 
chemicals. For Bulletins 
and complete informa- 
tion, address Omega 
Machine Company, (Divi- 
sion of Builders Iron 
Foundry) 366 Harris Ave., 
Providence 1, R. I. 


OMEGA MACHINE CO. 


Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


55 LIBERTY STREET, NEW YORK 
75 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 


Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 
Large Stock Enables Us to Make Prompt Shipments 
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xxii ADVERTISEMENTS. 


Get Full Service From Old Mains 


ey The most practical way to meet today’s overload 
ee demand is to clean clogged water mains. FLEXIBLE 
~ is Underground Pipe Cleaning Co., specializes in such 
jobs— any size-—2” to 72”. 


RAY BAHR 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 
Representative 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 
Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 131 State Street, Boston 9 Warehouse and Yard: East Cambridge, Mass. 


UTILITIES SUPPLY CORPORATION 


Distributors of Water Works Supplies and 
Materials for Mains and Services 


Revere Copper Tubing, Type K Construction Tools: Shovels, Cold 

Hays Brass Goods and Cutters, Lanterns, Picks, Sledges. 
Erie Service Boxes Jointing Materials: Twisted or 

Buffalo Gate and Service Boxes Braided Jute, Runners, Pots, 

Cast Iron Fittings—AWWA or Ladles, ee Pig Lead 
Short Pattern and Lead Wool. 

Mineralead Jointing Compounds Furnaces: Complete Hauck Line. 


Office and Warehouse 
425 Riverside Avenue 
MEDFORD, MASSACHUSETTS 
My 8-9023 


My 8-9024 
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1879 —ROSS— 1879 


AUTOMATIC VALVES 


Controls elevation 
of water 
in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 

Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops. for upper 
and lower limit 
of water eleva- 
tion, 


FLOAT VALVE 


A self contained 
unit, with 
controls 
three or more 
automatic 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


SURGE-RELIEF VALVE 


Electric 


remote control — 
solenoid or 


furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box592 TROY, N. Y. 
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Half a Century of Progress 


It’s over a half a century—fifty-four years to be exact— 
since the day the HEFFERNAN Press made its feeble 
start. That each year since then has shown an increase 
in the volume of business over the previous year should 


prove that we have kept pace with the times. 


The Heffernan Press 


150 Fremont Street 
WORCESTER, MASSACHUSETTS 


Printers to 
THE JouRNAL OF THE NEw EncLAND WaTeER Works ASSOCIATION 


and other good publications. 
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If the presence of phenolic compounds in industrial 

? waste is a problem to you and your community . . 
and complete destruction is required... you should 
investigate—right now—the economical and depend- 
able solution of that problem by low-cost Welsbach 
Ozone treatment. 


Recent investigations reported at the 6th Annual 
Industrial Waste Conference at Purdue University 
showed that chemical oxidation with Welsbach Ozone 
can provide an economical and complete answer to the 
problem of removing phenols from industrial waste. 


In addition to its relatively low cost, Welsbach Ozone 
treatment offers other important advantages: 


@ Generated at point of use. No storage problem; no 
Procurement problem; no materials-handling. 


@ Fully automatic. No complicated control problems. 
@ No full-time supervision or labor required. 


@ Non-toxic end-products. No objectionable taste or 
odor in chlorinated water. 


@ Ozone-phenol reaction is instantaneous. 


»@ Operating cost is constant and predictable; based 
entirely on electric power consumption. Mainte- 
* nance cost is negligible. 


@ Welsbach Ozonators and treatment vessels require 
very little space. 


@ Welsbach Ozone also gives collateral reduction in 
color, B.O.D. and C.0.D 


2v" but, most of all, Welsbach Ozone is economical, 
“3 convenient and dependable! 


Write for €omplete information to: 


9 THE W ACH CORPORATION 
ONE PROCESSES DIVISION 


1500 WALNUT STREET, PHILADELPHIA 2, PA. 
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THE HEFFERNAN PRESS 


AND 
HYDE-RO RINGS 


to join PRINTERS 


AND 


Tegul-Mineralead, the original 
plasticized sulfur compound joint, PUBLISHERS 
is easy and clean to work with, 
economical, too — needs no skilled 
labor, caulking or deep bell holes. 
HYDE-RO RINGS, rubber ring 
packing, are recommended for use 
with Tegul-Mineralead. Please 
write us at 17 Walnut Street, Mertz- 
town, Penna., and request Bulletin 


No. M10-1 and M10-5. 150 FREMONT STREET 


WORCESTER, MASSACHUSETTS 
| ATLAS MINERAL PRODUCTS COMPANY 


MERTZTOWN, PENNA HOUSTON, TEXAS 


*Trade Mark Registered 


Attention Mr. Water Works Superintendent ! ! 
CEMENT LINED SERVICE PIPE:— 


Resists Corrosion 


Has proven practical for nearly three-quarters of a century 


Immediate d.tivery can be made to waterworks on 
both wrought iron and steel, black or galvanized. 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, Inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 


LEAD AND TIN LINED FITTINGS 
591-593 WASHINGTON ST. TEL. 3-9550 LYNN. MASss. 


Chemical Fire and Rust Proofing Corp. 


Lining and Coating of Pipe, Couplings, Joints, Tanks, 
Piling, Structural Steel with Bituminous Enamel or 
Hydraulic Cement in strict conformity with AWWA 
Specifications. 


Ask for quotations 


8414 Berkeley Street, Boston, Mass Liberty 2-5185 
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RENSSELAER 
CHECK VALVES 


Seal without SLA 


always possibility of serious 
SLAM trouble on pump shut down 
especially where gradient is steep or where 
pumps are manifolded and shut down in- 
dividually. Rensselaer check valves solve 
this problem, END this trouble—yet their 
construction is simple, and head loss com- 
paratively low. Their lever-and-adjusta- 
ble-spring-construction eliminates SLAMS 
by seating the gate at the same instant the 
water column in the discharge line comes 
to rest. These valves are ideal for pump- 
ing plants; water, oil, gasoline; chemical 
and process industries; marine service, Heavy Stainless Stee! Main 
drydocks; fire protection systems. For Hinge Shaft...Heavy Solid 
complete data, see new Catalog H. Bronze Gate Hinge... Stain- 
less Steel Key...Dual Stain- 
less Steel Gate Pins... 


Rugged Cast fron Bronze 
Mounted Gate. See your 
LEADERSHIP FOR OVER 65 YEARS 


Rensselaer Representative 
N ' A for seasoned advice on all 
RE LV SSE! PA ER our products 


Volves 
Check © Tapping Sleeves and Valves © Air Release Volves 


Atlanta, “‘Bala-Cynwyd, Pa., Chicago, Denver, Haverhill, Mass., Kansas City, 
Los Angeles, Memphis, Oklahoma City, Pittsburgh, San Francisco, Seattle, Waco. 
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Extending a water main system? B® 
® 


ASBESTOS-CEMENT PRESSURE PIPE 


keeps installation costs low... 
gives permanent, trouble-free service ! 


In extending water mains, or when 
installing a new system, installation 
costs are often a major part of the 
original investment. But you can 
make important savings on installa- 
tion costs—keep your original invest- 
ment to a minimum—with “Century” 
Asbestos-Cement Pressure Pipe. 


“Century” Pressure Pipe is moderate 
in price—you save right from the 
start! It’s strong and durable... but 
light in weight and easy to handle... 
can be laid quickly —you make further 
savings on installation. Connection 
to existing mains, fittings, hydrants, 
and valves presents no problem. 


Non-metallic ‘‘Century”’ Pipe cannot 
rust or corrode and since tubercula- 
tion is impossible, inside diameter, 
flow capacity and pumping costs are 
unaffected. Thus savings continue 
over the years! 


Before you buy or specify any 
pipe for water mains, it will 
pay you to investigate the 
cost-saving advantages of 
“Century” Asbestos-Cement 
Pressure Pipe. Write us for 
complete information. 


“Century” Pipe being laid as extension to serve new develop- 


ment. “Century” Simplex Couplings supplied with “Century” 
Keasbey & Mattison has made Pressure Pipe facilitate rapid laying of straight runs or curves 


it serve mankind since 1873 up to 5° deflection per pipe length. 


KEASBEY & MATTISON 


COMPANY - AMBLER PENNSYLVANIA 


XXxViii TIS 
ADVERTISEMENTS. 
| 
3 
Aw 
Sag 
» 
: 
= 
3 
| il 
4 
3 


ADVERTISEMENTS 


xxix 


ASBESTOS-CEMENT PIPE. 
Keasbey & Mattison Company 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


xxviii 


BRASS GOODS. 
Eureka Cement Lined Pipe Co. 


xxvi 


Hays Mfg. Co. 


xvii 


Hileo Supply 


xv 


Mueller Co 


Following front cover 


Pierce-Perry Co 


Red Hed Mfg. Co 


Vv 


Following front cover 


Smith Mfg. Co., The A. P 


CALKING MACHINERY AND TOOLS. 
t © 


Hydraulic Develop t Corp 


Mueller Co 


Northrop & Co 


x 
Following front cover 
ix 


CAST IRON PIPE. (See Pipe, Cast Iron) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 


CHEMICAL FEED APPARATUS. 


Builders-Providence, Inc. (Divn. of Builders Iron Fad ry.) xvi 
Omega Machine Co. (Division of Builders Iron Foundry) xxi 

% Proportioneers, Inc. % Following front cover 

Wallace & Tiernan Co., Inc xx 
CHLORINATORS. 

Builders-Providence, Inc. (Divn. of Builders Iron Fad ry..) xvi 


% Proportioneers, Inc. % 


Following front cover 


Wallace & Tiernan Co., Inc xx 
CLEANING WATER MAINS. 

Flexible Underground Pipe Cleaning Co. xxii 

National Water Main Cleaning Co. viii 
COCKS, CURBS AND CORPORATIONS. 

Eureka Cement Lined Pipe Co xxvi 

Hays Mfg. Co xvii 


Mueller Co 


Following front cover 


Pierce-Perry Co 


Smith Mfg. Co., The A. P 


Following front cover 


CONCRETE PIPE. (See Pipe, Concrete.) 


CONTRACTORS’ EQUIPMENT. 
Hydraulic Development Corp. 


x 


Northrop & Co 


COUPLINGS, FLEXIBLE PIPE 
Johns-Manville 


CONTRACTORS. 
Layne-New York Co 


Following fiont cover 


Maher, D. L. Co. 


Reppucci, C. & Sons 


CURB BOXES. 


xxvi 


Eureka Cement Lined Pipe Co. 
Hays Mfg. Co. 


xvii 


Hileo Supply 


Mueller Co 


xv 
Following front cover 


Pierce-Perry Co. 


H. R. Prescott & Sons. 


ix 


DIAPHRAGMS, PUMPS. 
% Proportioneers, Inc. % 


Following front cover 


ENGINEERS. 
Bailey, Howard E 


Camp, Dresser and McKee. 


Fay, Spofford and Thorndike. 


Haley and Ward 


Knowles, Morris, Inc 


Metcalf and Eddy 


Pirnie Engineers, Malcolm 


Weston and S 


Whitman and Howard 


| 
| 
| 
4 
q 


XXX ADVERTISEMENTS 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


ENGINES. (See Pumps and Pumping Engines.) 


EQUIPMENT. (See Contractors’ Equipment.) 
FEED WATER FILTERS. 
% Proportioneers, Inc. % 


Following front cover 


Ross Valve Mfg. Co., Inc 


xxiii 


FILTRATION PLANT EQUIPMENT. 


Builders-Providence, Inc. (Divn. of Builders Iron Fa ry.) xvi 


% Proportioneers, Inc. % 


Following front cover 


FLAP VALVES. 
Eddy Valve Co 


xix 
FLEXIBLE JOINTS. 
U. S. Pipe and Foundry Co Xxxiv 
FURNACES. 
Hileo Supply xv 
Hydraulic Develop t Corp x 
Leadite Co., The Back cover 
Mueller Co Following front cover 


Northrop & Co. 


Pollard Co., Joseph G 


ix 


H. R. Prescott & Sons 


xv 
ix 


GATE VALVES. (See Valves.) 


HOSE, SUCTION AND CONDUCTION. 
H. R. Prescott & Sons 


ix 


HYDRANTS, FIRE. 
Eddy Valve Co 


Hileo Supply 


xix 


Kennedy Valve Mfg. Co 


xv 
xiii 


Mueller Co 


H. R. Prescott & Sons 


Following front cover 
ix 


Rensselaer Valve Co 


Smith Mfg. Co., The A. P 


xxvii 


Wood, R. D., Co 


Following front cover 


HYDRANTS, PUMPS. 
Hileco Supply 


Following front cover 


H. R. Prescott & Sons 


Xv 


LEAD PIPE. (See Pipe, Lead.) 


LIQUID CHLORINE. 
Brown Co. 


ix 


METERS, OIL AND WATER. 
Badger Meter Mfg. Co. 


ix 


Builders-Providence, Inc. (Divn. of Builders Tron Fad ry.) 


Hersey Mfg. Co 


Following front cover 
xvi 


Neptune Meter Co. 


iv 


Pipe Founders Sales Corp. 


vii 


Pittsburgh Equitable Meter Divn 


xxii 
Following front cover 


Worthington-Gamon Meter Co 


METER COUPLINGS. 
Badger Meter Mfg. Co. 


vi 


Ford Meter Co 


Following front cover 


Hays Mfg. Co 


Following front cover 


Hersey Mfg. Co 


xvii 


Mueller Co 


iv 


Neptune Meter Co 


Following front cover 


Red Hed Mfg. Co 


vii 


Smith Mfg. Co., The A. P 


v 


Worthington-Gamon Meter Co 


Following front cover 


METERS (Venturi Type.) 


Builders-Providence, Inc. (Divn. of Builders Tron Fad ry. i 


METER BOXES. 
Ford Meter Co 


vi 


xvi 


Mueller Co 


Following front cover 


METER TESTERS. 
Badger Meter Mfg. Co. 


Following front cover 


Ford Meter Co. 


Following front cover 


Mueller Co. 


Following front cover 


Neptune Meter Co. 


Following front cover 


vii 


= 


ADVERTISEMENTS 


OIL ENGINES. 
Fairbanks, Morse Co. 


OZINATION EQ 
W leh h 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


xi 


Corp 


UIPMENT. 


XXV 


Johns-Manville 


PIPE, ASBESTOS-CEMENT 


Following front cover 


Keasbey & Mattison Company xxviii 
PIPE, BRASS. 
Hileo Supply xv 
Pierce-Perry Co iii 
H. R. Prescott & Sons ix 
PIPE, CAST IRON (and Fittings.) 
Builders-Providence, Inc. (Divn. of Builders Iron Fa ry.) xvi 
Cast Iron Pipe Research Association xxxiii 
Hileo Supply xv 
Pipe Founders Sales Corp xxii 
H. R. Prescott & Sons ix 
U. S. Cast Iron Pipe and Foundry Co xxxiv 
Warren Foundry and Pipe Co xxi 
Wood, R ‘0. 


PIPE, CEMENT LINED. 


Cast Iron Pipe Research Association 


Cement Lined Pipe Co 
Eureka Cement Lined Pipe Co 
Pipe Founders Sales Corp. 


Following front cover 


xxxiii 


xxvi 


xxii 


U. S. Cast Iron Pipe and Foundry Co. 
PIPE, COATING AND LININGS. 


Centriline Corp 


Xxxiv 


Following front cover 


Koppers Company, Inc. 


PIPE, CONCRETE. 


Lock Joint Pipe Co. 


Following front cover 


Facing front cover 


PIPE CUTTING MACHINES. 


Pollard Co., Joseph G 
Smith Mfg. Co., The A. P 


xv 


PIPE JOINTING MATERIAL. 
Atlas Mineral Products Co 


Hileo Supply 


Following front cover 


xxvi 


Hydraulic De Pp 


t Corp 


xv 


Leadite Co., The. 


x 


Northrop & Co 


Back cover 


PIPE, LEAD. 
Pierce-Perry Co 


1x 


Red Hed Mfg. Co 


v 


PIPE LINING. 
Centriline Corp. 


Following front cover 


PIPE, PRESTRESSED CONCRETE. 
Lock Joint Pipe Co 


Facing front cover 


PIPE, WROUGHT IRON AND STEEL 


Pierce-Perry Co 


iii 


PLUG VALVES. 
Eddy Valve Co. 


xix 


Hays Mfg. Co. 


Mueller Co. 


xvii 


Pittsburgh Equitable Meter Divn 


PITOMETERS. 


Pitometer Co., Engrs 
PORTABLE AIR COMPRESSORS. 


Following front cover 
Following front cover 


iii 


PRESSURE REGULATORS. 


Hileo Supply 


(See Air Compressors.) 


Mueller Co. 


XV 


Pittsburgh Equitable Meter Divn 


H. R. Prescott & Sons. 
Ross Valve Mfg. Co., Inc 


PROVERS, WATER. 


Following front cover 


Following front cover 


Badger Meter Mfg. Co 


ix 
xxiii 


Following front cover 


| 
q 
| 
4 


ADVERTISEMENTS 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


PUMPS AND PUMPING MACHINES. 
Fairbanks, Morse and Co 
Layne-New York Co., Inc 


Hilco Supply 


Maher Co., D. L 


Morris Machine Works. 


H. R. Prescott & Sons 


Ross Valve Mfg. Co., Inc 


Turbine Equipment Co 


RATE CONTROLLERS AND GAUGES. 


Badger Meter Mfg. Co 


Following front cover 
xvi 


Builders-Providence, Inc. (Divn. of Builders Iron Fa ry.) 


SHEAR GATES. 


Eddy Valve Co. 


xix 


Mueller Co. 


SLEEVES AND VALVE TAPPINGS. 


Eddy Valve Co. 


Following front cover 


xix 


Hileo Supply 


xv 


Mueller Co 


H. R. Prescott & Sons. 


Following front cover 


Valve Co 


Smith Mfg. Co., The A. P 
SUPPLIES AND TOOLS. 


Hilco Supply 


xxvii 
Following front cover 


Hydraulic Devel t Corp. 


xv 


Leadite Co., The 


x 
Back cover 


Mueller Co. 


Northrop & Co 


Following front cover 
ix 


Pierce-Perry Co 


iii 


Pollard Co., Joseph G 


H. R. Prescott & Sons 


xv 
ix 


TAPPING MACHINES. 


Hays Mfg. Co. 


Mueller Co 


xvii 
Following front cover 


Red Hed Mfg. Co 


Smith Mfg. Co., The A. P 
TAPPING SLEEVES. (See Slecves and Valves, Tappings.) 
VALVE BOXES. 


Eddy Valve Co. 


v 
Following front cover 


xix 


Hileo Supply 


Kennedy Valve Mfg. Co 


Mueller Co 


xv 
xiii 


Pierce-Perry Co 


Following front cover 
iii 


Pipe Founders Sales Corp. 


H. R. Prescott & Sons 


xxii 
ix 


Smith Mfg. Co., The A. P. 
Co. 


Wood, R. 


Following front cover 


Following front cover 


VALVE INSERTING MACHINES. 


Mueller Co 


Smith Mfg. Co., The A. P 
VALVES, CHLORINE. 
Wallace & Tiernan Co., Inc 
VALVES, GATE. 


Eddy Valve Co 


Following front cover 


Following front cover 


xx 


xix 


Hileo Supply 


Kennedy Valve Mfg. Co. 


xv 
xiii 


Mueller Co 


Pierce-Perry Co 


Following front cover 


H. R. Prescott & Sons 


| Valve Co 


Smith Mfg. Co., The A. P. 
Co. 


, R. D., 


xxvii 


Following front cover 


VALVES, REGULATING. 


Mueller Co. 


Following front cover 


Ross Valve Mfg. Co., 


Following front cover 


WASTE DETECTION. 


‘0., The. 


xxiii 


WELL CONNECTIONS. 


Red Hed Mfg. Co 


WELLS, GRAVEL, FILTER AND DRIVEN. 
Edward F. Hughes Company 


Maher Co., The D. L 


WROUGHT IRON PIPE. (See Pipe, Wrought Iron and Steel.) 


(Continued ) 
? 

3 

4 


ADVERTISEMENTS xxxiii 


In city streets 
lay pipe known for 


STRENGTH 


CRUSHING STRENGTH 


The ability of cast iron pipe to withstand 
external loads imposed 


BEAM STRENGTH 
When subjected 
Known strength factors! Proved resistance to cued bys seamen pw 
corrosion! These are your only safe and sure guides of ool by wiliiies, or seating on an ob 
struction, prove that standard 6-inch 
to long life and low maintenance expense of water, 
gas and sewer mains laid under costly modern pavements. 15,000 Ibs. 
The four strength factors that pipe must have to survive REN 
and severe working pressures are listed in the box it to withstand impact and tratfic shocks, as 
opposite. No pipe that is deficient in any of these 
strength factors should ever be laid in paved streets cate Ge 
hammer, standard 6- tron 
of cities, towns and villages. Cast iron water and gas Pipe dows et crac 
mains, laid over a century ago. are serving in the streets dropped 6 times on the same spot from pro- 
of 30 or more cities in North America. These attested greesively increased heights of incho, 
you of effective resistance to corrosion but all the In full length bursting tests standard 6-inch 
ithstands than 2500 Ibs. 
strength factors of long life and economy, as well. mano 
which proves ample ability to resist water- 
Gao hammer or unusual working pressures. 


CAST IRON PIPE RESEARCH ASSOCIATION, THOS. F. WOLFE, MANAGING DIRECTOR. 122 SO. MICHIGAN AVE., CHICAGO 3. 


TRON PIPE 


: 
pression Test. Standard @inch cast iron pipe 
— 
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Baltimore’s Battle Monument to her heroic dead in the War of 1812, as it looked 100 years ago. 


a Maryland, has cast iron 
water and gas mains in service that were 
installed more than a century ago. 

In addition, there are more than 28 other 
cast iron water or gas mains with known 
records of continuous service for 


more than 100 years in the older cities cast iron 


of the United States and Canada. 


Such service records prove that cast iron 
pipe not only resists corrosion effectively, 
but is endowed with all 


the strength factors that pipe FOR WATER. GAS. SEWERAGE 

laid under city streets must have eRVICE 

to meet the stresses imposed by modern 
conditions of traffic and 

underground services. United States Pipe 
and Foundry Co., General Offices, 
Burlington, N. J. Plants and 

Sa'es Offices throughout the U.S.A. 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JourNAL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


HE attention of parties dealing in goods used by Water Department is 
called to the JouRNAL oF THE New ENGLAND WaTeER Works AssSOcIATION 
as an advertising medium. 


Its subscribers include the principal WateER Worxks ENCcINEERS AND Con- 
TRACTORS in the United States. The paid circulation is 1,100 copies. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 


The Journal is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


Eighth Page 
One Page, 2 Colors 
Back Cover 
Size of page, 444x714 net. 
A sample copy will be sent on application. 
For further information, address the Advertising Agent, 
Mrs. Atice R. MELROsE, 
73 TREMONT STREET, 
Boston 8, MassacHUSETTS 
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COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—*Saves time in preparation—Saves 


time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 


4 
| 
700k 


